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Parathormone, Calcium and Phosphorus Levels in Hemodialysis 




Many people who have severe  chronic kidney disease (CKD)  will eventually develop 
kidney failure and will require dialysis. 
The Kidney Disease Outcomes Quality Initiative (KDOQI) guidelines for bone 
metabolism and disease in CKD (USA) recommend that, in stage 5 CKD, the target 
levels for calcium (Ca) (corrected for serum albumin), phosphorus (P), calcium × 
phosphorus (Ca × P) product and parathormone (PTH) levels should be maintained at 
8.4-9.5 mg/dl, 3.5-5.5 mg/dl, < 55 mg2/dl2 and 150-300 pg/ml, respectively. 
This study aimed to assess the levels of the previously mentioned parameters in the 
hemodialysis (HD) patients who have been on HD for ≥ 12 months in the HD unit at Al-
Shifa hospital, and comparing the results obtained with that recommended by KDOQI 
guidelines and with the results of a healthy control group. 
Eighty HD patients (cases) (41 males, 39 females; mean age 47.2±15.9 years), on HD 
for (mean±SD:49.1±38 months, range: 12-163 months), with mean HD frequency 
(2.6±0.5 sessions weekly), were enrolled in the study. Age and sex matched healthy 
control subjects were included in the study. 
Data were collected through a self constructed structured questionnaire and from 
biochemical analysis of serum calcium, albumin, phosphorus, PTH, ionized calcium, 
urea and creatinine of both case and control groups. 
It was shown that 58.7%, 77.5%, 67.5% and 86.2% among the cases were out of the 
target ranges for albumin-corrected serum calcium, phosphorus, calcium × phosphorus 
product and PTH , respectively. 
There were statistically significant differences in the mean levels of serum PTH, 
calcium × phosphorus product, albumin, phosphorus and ionized calcium between cases 
and controls as follows: (PTH:1715.3±1706.3 vs 35.7±14.7 pg/ml), (Ca × P product: 
62.7±14.6 vs 40.2±6.0 mg2/dl2), (albumin: 4.6±0.39 vs 4.7±0.3 g/dl), (P: 6.6±1.4 vs 
4.3±0.6 mg/dl) and (ionized calcium: 3.78±0.47 vs 4.7±0.1 mg/dl). 
On the other hand, there was no statistically significant difference in the mean levels of 
albumin-corrected serum calcium between cases and controls (9.5±0.9 vs 9.4±0.3 
mg/dl). 
IV
Moreover there was a statistically significant positive correlation between serum PTH 
with HD duration. 
There were no statistically significant differences in the mean levels of serum PTH, P, 
Ca × P product and corrected calcium between cases on HD for 2 sessions weekly and 
those on HD for 3 sessions weekly. The mean levels of all the mentioned parameters 
were out of the target range, except for albumin-corrected serum calcium which was in 
the target range. Also, the same results were obtained in the cases who were receiving 
vitamin D analogue (alfacalcidol) and those not receiving. It was noted that albumin-
corrected serum calcium levels were close to the target range. 
There was a statistically significant correlation between the mean of serum creatinine 
with Ca × P product or with serum P among cases. 
The study revealed that there was a statistically significant relationship between the 
duration of HD and bone diseases. 
The study revealed that there was a statistically significant difference in the percentage 
of cases with cardiovascular disease on HD for 2 sessions weekly (6.5%) and that of 
cases on HD for 3 sessions weekly (32.7%). 
It is recommended that new strategies must be implemented to prevent parathyroid 
gland hyperplasia and to avoid the positive balance of calcium and phosphorus in the 
hemodialysis patients. 
 



















  درقية، الكالسيوم و الفوسفور فى مرضى غسيل الدمات الغدة الجارالغدد هرمون مستويات 
  




ة  إن عدد آبير ممن يشتكون من أمرا  ذى يتطلب إجراء عملي وى ال شل الكل ض الكلى المزمنة الشديدة سيصابون بالف
  .الديال الدموى
  
ه فى  ة المزمن و ايض العظام، فإن طبقًا لمبادرة المؤسسة القومية األمريكية و الخاصة بضبط الجودة لمرض الكلي
، الفوسفور  ) صححًا لقيمة زالل الدمم(المرحلة الخامسة من امراض الكلى المزمنة يجب ان يكون مستوى الكالسيوم 
  ،مل100/ مج9.5-8.4:    آالتالى  الدرقية الغدةهرمون الغدد جارات الفوسفور و ×ناتج ضرب الكالسيوم 
  .مل على التوالى/ بيكوجرام300-150 و 2مل2/100 مج55اقل من ، مل 100/ مج3.5-5.5 
يهم آان هدف الدراسة هو قياس مستوى المواد المذآورة سابقاً  ذين مر عل دموى ال ديال ال  شهر أو 12 فى مرضى ال
ة  ائج العين ع نت ذلك م ابقًا وآ ذآورة س يم الم ع الق ائج م ة النت شفاء ومقارن شفى ال دموى بمست ديال ال دة ال ى وح ر ف اآث
  . الضابطة
  
ى 39،  ذآر 41( مريض 80شارك فى الدراسة  ارهم )  أنث ان متوسط اعم رة )  سنة 15.9±47.2(وآ  ومتوسط فت
  )اسبوع / جلسة 0.5±2.6( وبمعدل )  شهر 38±49.1( الديال الدموى 
  . حالة ضابطة متوافقين فى العمر والجنس مع المرضى80آما شارك فى الدراسة 
ة  ة للمرضى وللعين ة الحيوي ل الكيميائي ق التحالي ل الباحث وعن طري تبيان من قب ق اس تم جمع المعلومات عن طري
  .الضابطة
  
   من من المرضى آانوا خارج المعدل المطلوب لكلٍِ% 86.2و% 67.5و % 77.5و % 58.7ن اظهرت النتائج ا
سيوم  الفوسفور و  الكالسيوم المصحح و  اتج ضرب الكال دد جارات  الفوسفور و ×ن دة هرمون الغ ة  الغ ى   الدرقي عل
  . التوالى
  
ستويات آل من  روق ذات دالالت إحصائية فى متوسط م اك ف دد آان هن دة جارات هرمون الغ ة  الغ اتج   و  الدرقي ن
الكالسيوم المتأين بين المرضى والعينة الضابطة وآانت النتائج  الفوسفور و   الفوسفور والزالل و ×ضرب الكالسيوم 
) 2مل2/100 مج6.0±40.2 مقابل 14.6±62.7(، )مل/بيكوجرام 14.7±35.7 مقابل1706.3±1715.3:(آالتالى 
  )مل100/ مج0.6± 4.3 مقابل 1.4± 6.6(، )مل100/ جم0.3± 4.7 مقابل 4.6±0.39(
  .على التوالى) مل100/ مج0.1± 4.7 مقابل 0.47± 3.78( و 
  لم يكن هناك فرق ذو داللة إحصائية فى متوسط مستوى الكالسيوم المصحح بين المرضى والعينة الضابطة 
  ). مل100/ مج0.3± 9.4 مقابل 9.5±0.9(
  . ومدة الديال الدموى الدرقية الغدةهرمون الغدد جارات  مستوىآان هناك عالقة ذات داللة إحصائية بين
VI
سلونة ثالث مرات إسبوعيًا  ين من ، لم يكن هناك فرق ذو داللة إحصائية بين من يغسلون الدم مرتين ومن يغ وال ب
  الدرقية  الغدةهرمون الغدد جاراتومن ال يتناولونة بالنسبة لكل من ) الفاآالسيدول(يتناولون نظير فيتامين د 
  آانت آل القيم خارج المعدل المطلوب. الكالسيوم المصحح  الفوسفور و×ناتج ضرب الكالسيوم  الفوسفور و  و
  . ماعدا الكالسيوم المصحح الذى آان فى المعدل المطلوب فى الحالة األولى وقريب من المعدل فى الحالة الثانية
  
سيوم آان هناك عالقة ذات داللة إحصائية بين مستوى الك  ذلك ×رياتينين مع مستوى ناتج ضرب الكال  الفوسفور وآ
  .مع مستوى الفوسفور فى مرضى الديال الدموى
  
  .اظهرت الدراسة ان هناك عالقة ذات داللة إحصائية بين مدة الديال الدموى وامراض العظام
امراض القلب  آما سبة المصابين ب ين ن ذين اظهرت الدراسة ان هناك فرق ذو داللة إحصائية ب ة ال ة الدموي  واألوعي
  %). 32.7(والذين يغسلونة ثالث مرات اسبوعياً %) 6.5(يغسلون الدم مرتين اسبوعيًا 
  
ة  دة الدرقي دد جارات الغ ع تضخم الغ دة لمن ق سياسات جدي ه يجب تطبي ذه الدراسة هى ان من أهم التوصيات فى ه
  .ولتجنب زيادة الكالسيوم والفوسفور فى مرضى الديال الدموى
  
  :الكلمات المفتاحية
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The National Kidney Foundation Kidney Disease Outcomes Quality 
Initiative (NKF KDOQI ) 
The National Kidney Foundation Kidney Disease Outcomes Quality Initiative 
(NKF KDOQI ) or KDOQI (USA)  provides evidence-based clinical practice guidelines 
for all stages of chronic kidney disease and related complications. KDOQI expands the 
Dialysis Outcomes Quality Initiative or DOQI, a project begun by the National Kidney 
Foundation in 1997 and recognized throughout the world for improving the care of 
dialysis patients. There are 12 current sets of KDOQI guidelines [1]. 
  K/DOQI guidelines for bone metabolism and disease in chronic kidney disease 
(CKD) recommend that, in stage 5 CKD, the target levels for calcium (Ca) (corrected 
for serum albumin), phosphate (P), calcium x phosphate (Ca x P) product and 
parathyroid hormone (PTH) levels should be maintained at 8.4-9.5mg/dl, 3.5-5.5 mg/dl, 
< 55mg2/dl2 and 150-300 pg/ml, respectively [2]. 
 Kidney Disease 
Kidney disease may be acute or chronic: 
1-Acute kidney  disease : 
Acute kidney disease (AKD) is a syndrome characterized by rapid decline in 
glomerular filtration rate (hours to days), retention of nitrogenous waste products, and 
perturbation of extracellular fluid volume and electrolyte and acid-base homeostasis. 
AKD complicates approximately 5% of hospital admissions and up to 30% of 
admissions to intensive care units. AKD is usually asymptomatic and diagnosed when 
biochemical monitoring of hospitalized patients reveals a recent increase in blood urea 
and creatinine concentrations [3]. 
2-  Chronic kidney disease 
Chronic kidney disease is a pathophysiologic process with multiple etiologies, 
resulting in the inexorable attrition of nephron number and function and frequently 
leading to end-stage renal disease (ESRD). In turn, ESRD represents a clinical state or 
condition in which there has been an irreversible loss of endogenous renal function, of a 
2
degree sufficient to render the patient permanently dependent upon renal replacement 
therapy (dialysis or transplantation) in order to avoid life-threatening uremia [4]. 
Chronic kidney disease was classified into 5 stages by K/DOQI  
• Stage 1:  Kidney damage with normal or increased GFR (>90 mL/min/1.73 m2)  
• Stage 2:  Mild reduction in GFR (60-89 mL/min/1.73 m2)  
• Stage 3:  Moderate reduction in GFR (30-59 mL/min/1.73 m2)  
• Stage 4:  Severe reduction in GFR (15-29 mL/min/1.73 m2) 
• Stage 5:  Kidney failure (GFR <15 mL/min/1.73 m2 or dialysis) [5]. 
 Complications of chronic kidney disease 
Among the common complications seen in persons with CKD, particularly in 
those on long-term hemodialysis (HD), is secondary hyperparathyroidism. This affects 
one in four patients receiving HD [6]. Hypocalcemia is a common condition in chronic 
renal disease because of declining serum levels of calcitriol.  Rising serum phosphorus 
levels due to impaired phosphorus excretion by the kidneys further contribute to 
hypocalcemia by lowering serum ionized calcium levels and by inhibiting the action of 
calcitriol [7]. 
Renal osteodystrophy in its broadest context encompasses all the disorders of 
bone and mineral metabolism caused by chronic renal failure (CRF) [8]. 
CKD is associated with substantially increased risk for cardiovascular disease 
morbidity and mortality, independent of traditional cardiovascular risk factors such as 
diabetes, hypertension, lipoprotein levels, and tobacco use [9]. 
Recently, interest has focused on the roles of hyperphosphatemia, elevated 
levels of the calcium x phosphorus product and hyperparathyroidism in the development 
of cardiovascular disease in ESRD. A high prevalence of coronary artery calcification 
among young adults receiving dialysis, especially those who had been receiving dialysis 
for more than 10 years, was demonstrated [10]. 
When conservative management of ESRD is inadequate, HD, peritoneal 
dialysis, and kidney transplantation are alternatives [11]. 
3
Hemodialysis 
HD is a medical procedure that uses a special machine (a dialysis machine) to 
filter waste products from the blood and to restore normal constituents to it. HD is 
frequently done to treat ESRD. Under such circumstances, kidney dialysis is typically 
administered using a fixed schedule of three times per week [12]. 
In Palestine renal failure is one of the most important problems on the 
healthcare delivery system. As per the year 2000 and 2001 statistics, there were 351 and 
400 patients who were maintained on HD and peritoneal dialysis, respectively. The 
most common causes for end-stage renal failure in Palestine is glomerulonephritis and 
diabetic nephropathies. The death rate among patients on dialysis is 7-8%; the cardiac 
and cerebrovascular complications are the main causes of death. The HD services in 
Palestine were initiated in 1972 [13]. There are 12 working HD centers in Palestine, 8 in 
West-Bank and 4 in Gaza [14]. 
According to the annual report of the hospital general administration, the number of the 
HD patients in Gaza strip,  in year 2003 was 204 patients. Currently, there are about 361 
patients who are maintained on regular HD in Gaza strip, of them about 180 patients are 
in the HD unit at Al-Shifa hospital, which have 32 HD machines. 
 
Aim of the study 
This study is proposed to assess the levels of PTH, P, albumin-corrected serum 
Ca, and (Ca × P) product in patients who are on HD for one year or more in the HD unit 
at Al-Shifa hospital. 
The Specific objectives are: 
1- To determine the levels of PTH, P, albumin-corrected serum Ca, (Ca×P) 
product, and serum free- ionized calcium in both HD patients and apparently 
healthy control group, and comparing the results of the HD patients with that 
recommended by KDOQI guidelines. 
2- To assess a possible relation between PTH, P, albumin-corrected serum Ca, or 
(Ca × P) product, with the duration, frequency of HD, or with vitamin D 
analogue alfacalcidol (1α-hydroxyvitamin D3 ) consumption. 
4
3- To assess a possible relation between PTH with albumin-corrected serum Ca, or 
P among cases. 
4- To assess a possible relation between PTH, or (Ca × P) product with serum urea, 
creatinine, age, or body mass index (BMI) among cases. 
5- To assess a possible relation between HD with bone or cardiovascular diseases. 
 Significance 
The clinical significance of the study is to see the extent to which PTH, Ca, P, 
and (Ca × P ) product, are maintained in the recommended range of the (K/DOQI) 
guidelines. An elevated (Ca × P ) product ( > 55 ) increases the risk of metastatic 
calcification, a complication associated with cardiac dysfunction and death, also 
sustained over-activity of the parathyroid glands can lead to nodular forms of hype- 
rplasia that are resistant to vitamin D and calcium regulation, are largely irreversible, 
and typically require parathyroidectomy Therefore, through early and continuous 
monitoring of the PTH level in the HD patients they could avoid the parathyroidectomy 





























   2.1 Minerals  
2.1.1 Calcium 
Calcium is the most plentiful cation in the body which contains 25 to 35 mol 
(1.0 to 1.4 kg) in the adults. Over 98% is in the bones and teeth, the former providing a 
large reserve which can be drawn on as required [15]. One percent of bone calcium is 
rapidly exchangeable with extracellular calcium; this calcium is equally distributed 
between the intracellular and extracellular fluids. Extracellular calcium is the principal 
substrate for the mineralization of cartilage and bone, but it also serves as a cofactor for 
many extracellular enzymes, most notably the enzymes of the coagulation cascade [16]. 
 
Calcium in serum exists in three fractions: bound to plasma proteins 
(approximately 40%), chelated to serum anions (13%) and free ionized calcium (47%) 
[17], and it is this fraction that is biologically active and that is tightly controlled by 
hormonal mechanisms. 
 
About 1 g calcium is ingested per day of which between about 0.25 to 0.5 g is 
absorbed. Vitamin D, in the form of 1,25-dihydroxy-cholecalciferol, is needed for 
adequate calcium absorption. Calcium is lost in urine and faeces. Calcium in the 
intestine may be rendered insoluble by complexing with large amounts of phosphate or 
fatty acids and so cannot be absorbed. Oral phosphate may be used therapeutically to 
reduce calcium absorption [18]. The kidneys reabsorb up to 98% of filtered calcium, 
with <2% excreted in the urine. Patients with ESRD initiating HD are usually 
hypocalcemic [19]. 
Variations in the concentration of ionized calcium in blood modulate the minute-
to-minute release of PTH in vivo by affecting the level of activation of the calcium-
sensing receptor (CaR) in parathyroid cells [20]. Hypocalcemia stimulates PTH release 
directly by inactivating the CaR, and plasma PTH concentrations increase within 
minutes as the concentration of blood ionized calcium declines [21]. 
Reductions in extracellular calcium concentration that persist for several hours 
also enhance pre-pro-PTH gene transcription, ultimately making more hormone 
available for secretion [22]. Sustained periods of hypocalcemia lasting days, weeks or 
6
months promote the development of parathyroid gland hyperplasia, a prominent feature 
of secondary hyperparathyroidism caused by CRF that markedly increases the mass of 




         Phosphorus constitutes approximately 1% of a person΄s total body weight [24], of 
which 87% is present in bones, the remainder being found in cells and soft tissues [15]. 
 
Phosphate is more widely distributed to non-osseous tissues than is calcium. In 
human serum, inorganic phosphate (Pi) is present at a concentration of approximately 
1mM and exists almost entirely in ionized form as either H2PO4 ־or HPO4 ־־ . Only 
12% of serum phosphate is protein – bound, and an additional small fraction is loosely 
complexed with calcium, magnesium, and other cations [16]. 
 
Organic phosphate is a key component of virtually all classes of structural, 
informational, and effector molecules that are essential for normal genetic, 
developmental, and physiologic processes. Of particular importance are the high-energy 
phosphate ester bonds present in molecules such as adenosine triphosphate (ATP), 
diphosphoglycerate, and creatine phosphate that store chemical energy [16]. 
Approximately 1400 mg of phosphorus is ingested daily in a normal adult, of 
which 65% is absorbed. In order to achieve a neutral phosphate balance, excretion of 
phosphorus must be proportional to the amount ingested, with approximately 35% 
excreted in the stool and 65% excreted in the urine. This homeostasis unravels in 
ESRD, and patients develop elevated serum phosphorus levels [19]. 
 
The kidney is the primary regulator of plasma phosphate concentration, PTH 
being the main influence leading to decreased tubular reabsorption with some 
contribution from 1,25-dihydroxy-cholecalciferol [15]. 
 
Hyperphosphatemia promotes the development of parathyroid gland hyperplasia, 
and high ambient phosphorus concentrations facilitate PTH synthesis by stabilizing PTH 
mRNA and facilitating message translation [25]. Persistent hyperphosphatemia may also 
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diminish the effectiveness of treatment with calcitriol in patients with established 
secondary hyperparathyroidism [26]. 
 
Apart from its role as a contributor to hyperparathyroidism, hyperphosphatemia 
represents an independent risk factor for death in patients treated with HD even after 
adjusting for other co-morbid conditions [27]. Death from cardiovascular causes largely 
accounts for the excess mortality [28]. 
 
Indeed, strong relationships have been found between cardiac deaths and factors 
that favor metastatic calcifications (i.e., hyperphosphatemia and increased calcium × 
phosphate product) [29]. 
 
The importance of the minerals for normal cellular physiology as well as 
skeletal integrity is reflected in the powerful endocrine control mechanisms that have 
evolved to maintain their extracellular concentrations within relatively narrow limits. 
 
2.2 Parathyroid glands 
 
The Parathyroid glands are derived from the developing pharyngeal pouches that 
also give rise to the thymus. They normally lie in close proximity to the upper and lower 
poles of each thyroid lobe, but they may be found anywhere along the pathway of 
descent of the pharyngeal pouches, including the carotid sheath and the thymus and 
elsewhere in the anterior mediastinum. In contrast to several other endocrine glands, the 
activity of the parathyroids is controlled by the level of free ionized calcium in the 
blood stream rather than by trophic hormones secreted by the hypothalamus and 
pituitary. Normally, decreased levels of free calcium stimulate the synthesis and 
secretion of parathyroid hormone [30]. 
2.2.1 Parathormone 
2.2.1.1 Parathormone biosynthesis 
PTH, a protein of 84 amino acids, is synthesized as a larger precursor, pre-pro- 
parathyriod hormone (pre-pro-PTH ). These pre-pro-PTH sequences share a 25-
residue(pre) or signal sequence and a 6- residue (pro) sequence. The signal sequence, 
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along with the short pro sequence, functions to direct the protein into the secretory 
pathway. During transit across the membrane of the endoplasmic reticulum, the signal 
sequence is cleaved off and rapidly degraded. The importance of the signal sequence for 
normal secretion of PTH is illustrated by the hypoparathyroidism inherited in families 
carrying mutations in the signal sequence of pre-pro-PTH [31]. After cleavage of the 
pro sequence, the mature PTH (1 – 84 ) is concentrated in secretory vesicles and 
granules. One morphologically distinct subtype of granule contains both PTH and the 
proteases cathepsin B and cathepin H [32]. This co-localization of proteases, and PTH 
in secretory granules probably explains the observation that a portion of the PTH 
secreted from parathyroid glands consists of carboxy-terminal PTH fragments [33]. 
 
The intracellular degradation of newly synthesized PTH provides an important 
regulatory mechanism. Under conditions of hypercalcemia, the secretion of PTH is 
substantially decreased, and most of what is secreted consists of carboxy-terminal 
fragments [34]. 
 
2.2.1.2 Actions of parathormone 
A.  Actions on the kidney 
1-Stimulation of calcium reabsorption 
Almost all of the calcium in the initial glomerular filtrate is reabsorbed by the 
renal tubules. Sixty-five percent is reabsorbed by the proximal convoluted and straight 
tubules via a passive, paracellular route [35,36]. 
 
   PTH does little to affect calcium flux in this region. The remaining calcium is 
largely reabsorbed more distally, 20% of the initial filtrate in the cortical thick 
ascending limb (cTAL) of Henle's loop and 10% in the distal convoluted and connecting 
tubules. In the cTAL, calcium reabsorption also is mainly passive and paracellular, 
although some transcellular, active calcium transport may occur as well [37]. 
   The calcium- sensing receptor, initially characterized in the parathyroid, also is 
expressed in the cTAL [38].  
  The primary site for hormonal regulation of renal calcium reabsorption is the distal 
nephron, which normally reabsorbs nearly all of the remaining 10% of filtered calcium 
by a unique transcellular active transport mechanism. 
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    To protect the low physiologic level of cytosolic free calcium from the relatively 
large amounts of incoming calcium, these cells express the calcium-binding protein 
calbindin-D28K, which avidly binds entering calcium at the apical membrane and 
transports it to the basolateral membrane, where it is then ejected via active processes 
involving sodium-calcium exchange and an ATP-driven calcium pump. Expression of 
calbindin-D28K is increased by PTH directly and also indirectly, via increased 
synthesis of 1,25-dihydroxy-cholecalciferol [39]. Sodium-calcium exchange also is 
increased by PTH [40]. 
 
2- Inhibition of phosphate transport 
Phosphate reabsorption occurs mainly in the proximal renal tubules, which 
reclaim roughly 80% of the filtered load. Some additional phosphate ( 8% to 10% ) is 
reabsorbed in the distal tubule ( but not in Henle's loop ), leaving about 10% to 12% for 
excretion in the urine. Phosphate reabsorption in both proximal and distal tubules is 
strongly inhibited by PTH. Phosphate is reabsorbed by a transepithelial route. Transport 
from the glomerular filtrate into the cell is mediated by specific sodium – ( inorganic) 
phosphate (Na Pi) cotransporters [41]. In response to PTH, the Vmax for sodium-
phosphate cotransport decreases because (Na Pi) cotransporters are rapidly (by 15 
minutes) sequestered within subapical endocytic vesicles, after which they are delivered 
to lysosomes and undergo proteolysis [42]. Conversely, in hypoparathyroidism exp- 
ression of (Na Pi) protein and mRNA is strongly up- regulated [43]. 
 
3-Other renal effects of parathormone 
PTH stimulates the synthesis of 1,25-dihydroxy-cholecalciferol (1,25(OH)2D3) 
in the proximal tubule by rapidly inducing transcription of the 25-hydroxy-vitamin D 
[25(OH)D] 1α-hydroxylase gene, an effect that can be overridden by hypercalcemia or 








B. Actions of parathormone on bone 
 
The actions of PTH on bone are complicated because PTH acts on a number of 
cell  types both directly and indirectly. PTH increases both bone formation and bone 
resorption. With regard to calcium homeostasis, the effect of PTH on bone resorption is 
dominant; continuous administration of PTH leads to a net release of calcium from 
bone. But this straightforward net effect of PTH on calcium homeostasis belies the 
highly variable effects of the hormone on bone, which depend on the type of bone 
(trabecular or cortical ), the particular target cell type, and the pattern of PTH 
administration [16]. 
 
Receptors for PTH are found on preosteoblasts, osteoblasts, lining cells, and 
osteocytes. PTH changes the osteoblast lineage cell population by stimulating cell 
proliferation [46], by decreasing apoptosis of preosteoblasts and osteoblasts, thereby 
increasing the number of osteocytes; and perhaps by converting inactive lining cells to  
osteoblasts [47]. 
When added to cells in culture, PTH stops  preosteoblastic cells from becoming 
mature osteoblasts  [48]. When PTH is added to isolated osteoblasts in vitro, the 
osteoblasts decrease their synthesis of collagen I and other matrix proteins, at least in 
part by steering the essential transcription factor core-binding factor-α1 (CBFA1) 
toward proteosomal destruction  [49]. 
In vivo, however, the most obvious effects of PTH are to increase bone 
formation, probably by indirect actions such as stimulation of synthesis of insulin-like 
growth factor 1 (IGFI) and other growth factors by osteoblast lineage cells. This action 
of PTH can be mimicked in vitro by intermittent administration of PTH to osteoblasts in 
organ culture [46]. 
 
Surprisingly, osteoclasts, the bone-resorbing cells derived from hematopoietic 
precursors, have no PTH receptors. Instead, preosteoblasts and osteoblasts signal to 
osteoclast precursors to cause them to fuse and form mature osteoclasts and signal to 
those osteoclasts to allow them to resorb bone and to avoid apoptosis [16]. 
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Two osteoblast surface proteins, macrophage colony-stimulating factor (M-CSF) 
and Receptor Activator for Nuclear Factor κ B Ligand (RANKL), are essential for 
stimulation of osteoclastogenesis [50,51], and RANKL is essential for the activation of 
mature osteoclasts. The growth factor M-CSF (or CSF1), is expressed both as a secreted 
protein and as a cell surface protein; the production of both is stimulated by PTH [52]. 
RANKL is also increased by PTH. RANKL binds to its receptor, RANK which is found 
both on osteoclast precursors and on mature osteoclasts. The binding of  RANKL to 
RANK can be blocked by osteoprotegerin (OPG), which is secreted by cells of the 
osteoblastic lineage. PTH decreases the synthesis and secretion of OPG from these 
cells. Thus, PTH by increasing  RANK and decreasing OPG locally in bone, serves to 
increase bone resorption [53].  
 
Because PTH can both increase bone formation and increase resorption, the net 
effect of PTH on bone mass varies from one part of bone to another and also varies 
dramatically according to whether PTH is administered continuously or intermittently. 
Intermittent administration of low doses of PTH causes dramatic net increase in 
trabecular bone mass with little effect on cortical bone in humans [16]. Continuous 
administration of PTH, in contrast, leads to a decrease in cortical bone mass; the net 
effect of PTH on trabecular bone depends on the dose. In mild hyperparathyroidism, 
there is little net effect of PTH on trabecular bone and a decrease in cortical bone. In all 
of these settings, the rate of bone formation is increased; the varying rate of osteoclastic 
resorption determines the net effect of PTH on bone mass [16]. 
 
2.2.1.3 Regulation of the parathormone gene 
  
Although 1,25(OH)2D3 – the active form of vitamin D- has no direct effect on 
PTH secretion, it dramatically suppresses PTH gene transcription [54]. 
 
Calcium also regulates the biosynthesis of PTH. In vivo studies show that acute 
hypocalcemia in rats leads, within an hour, to an increase in PTH messenger RNA 
(mRNA ) [55,56]. In contrast, hypercalcemia leads to little [56] or no [55] change in 
PTH mRNA. The parathyroid gland is poised to respond to a fall in calcium much more 
readily than to a rise. 
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The mechanism for the increase in PTH mRNA in response to hypocalcemia is 
uncertain; differing experimental paradigms suggest regulation at the levels of gene 
transcription, [57] mRNA stability, [58] and mRNA translation [59]. 
A series of studies in vitro [60], and in vivo [61], have demonstrated that 
phosphate can increase PTH secretion directly, independent of effects on blood calcium 
and 1,25(OH)2D3 . 
 
2.2.1.4 Peripheral metabolism of parathormone 
 
Both PTH (1-84) and carboxy- terminal fragments of PTH are secreted from the 
parathyroid gland. Secreted intact PTH (1-84) is extensively metabolized by liver (70%) 
and kidney (20%) and disappears from the circulation with a half-life of 2 minutes. Less 
than 1% of the secreted hormone finds its way to PTH receptors on physiologic target 
organs [62].  
In the liver, a small amount of PTH binds to physiologically relevant PTH 
receptors but most of the intact PTH is cleaved, initially after residues 33 and 36, 
probably by cathepsins. [63]. In the kidney, a small amount of intact PTH binds to 
physiologic PTH receptors, but most of the intact PTH is filtered at the glomerulus and 
subsequently bound by a large, membrane- bound luminal protein, megalin [64];        




Hyperparathyroidism, characterized by excess production of PTH, is a common 
cause of hypercalcemia and is usually the result of autonomously functioning adenomas 
or hyperplasia [66]. Hyperparathyroidism occurs in two major forms. Primary and 
secondary, and less commonly as tertiary hyperparathyroidism. 
Primary hyperparathyroidism is usually caused by a parathyroid adenoma or by 
primary hyperplasia of the glands. On rare occasions (less than 1% of cases), it is 
caused by a carcinoma of the parathyroids [30]. The manifestations may be subtle, and 
the disease may have a benign course for many years or a lifetime. This milder form of 
the disease is usually termed asymptomatic hyperparathyroidism [66].   
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Secondary hyperparathyroidism is caused by any condition associated with a chronic 
depression in the serum calcium level, because low serum calcium leads to 
compensatory overactivity of the parathyroids. Renal failure is by far the most common 
cause of secondary hyperparathyroidism. Chronic renal insufficiency is associated with 
hyperphosphatemia. The elevated serum phosphate levels directly depress serum 
calcium levels and thereby stimulate parathyroid gland activity. In a minority of 
patients, parathyroid activity may become autonomous and excessive, a process some- 
times termed tertiary hyperparathyroidism. Parathyroidectomy may be necessary to 




Hypoparathyroidism is far less common than hyperparathyroidism. The major causes of 
hypoparathyroidism are : 
- Surgical ablation :   advertent removal of parathyroids during thyroidectomy. 
- Congenital absence. 
- Autoimmune hypoparathyroidism : a hereditary polyglandular deficiency 
syndrome arising from autoantibodies to multiple endocrine organs.  
The major clinical manifestation of hypoparathyroidism are referable to hypoca- 
lcemia[30]. 
 
2.3 Vitamin D 
 
Vitamin D is a group of fat-soluble prohormones, the two major forms of which 
are vitamin D2 (or ergocalciferol) and vitamin D3 (or cholecalciferol) [67]. Vitamin D2 
is derived from fungal and plant sources, and is not produced by the human body. 
Vitamin D3 is derived from animal sources and is made in the skin when 7-
dehydrocholesterol reacts with UVB ultraviolet light at wavelengths between 270–300 
nm, with peak synthesis occurring between 295-297 nm [68,69].  
2.3.1 Metabolism of vitamin D 
During exposure to sunlight, 7-dehydrocholesterol (7-DHC) in the skin absorbs 
solar UVB radiation and is converted to previtamin D3 (preD3). Once formed, 
previtamin D3 undergoes thermally induced transformation to vitamin D3. Additional 
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exposure to sunlight converts previtamin D3 and vitamin D3 to biologically inert 
photoproducts. Vitamin D originating from the diet or from the skin enters the 
circulation and is metabolized to 25(OH)D3 in the liver by vitamin D 25-hydroxylase 
(25-OHase). 25(OH)D3 reenters the circulation and is converted to 1,25(OH)2D3 in the 
kidney by 25(OH)D3 1 -hydroxylase (1-OHase). A variety of factors, including serum 
phosphorus (Pi) and PTH, regulate the renal production of 1,25(OH)2D. 1,25(OH)2D 
regulates calcium metabolism through interactions with its major target tissues, i.e., 
bone and intestine. 1,25(OH)2D3 also induces its own destruction by enhancing the 
expression of 25(OH)D 24-hydroxylase (24-OHase). 25(OH)D is metabolized in other 





Figure 2-1. Schematic diagram of cutaneous production of vitamin D and its 
metabolism and regulation for calcium homeostasis and cellular growth [70]. 
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2.3.2 Mechanism of action of vitamin D 
Once vitamin D is produced in the skin or consumed in food, it is converted in 
the liver and kidney to form 1,25 dihydroxyvitamin D, (1,25(OH)2D). Following this 
conversion, the hormonally active form of vitamin D is released into the circulation, and 
by binding to a carrier protein in the plasma, vitamin D binding protein (VDBP), it is 
transported to various target organs [71]. 
The hormonally active form of vitamin D mediates its biological effects by 
binding to the vitamin D receptor (VDR), which is principally located in the nuclei of 
target cells [71]. The binding of calcitriol (1,25(OH)2D) to the VDR allows the VDR to 
act as a transcription factor that modulates the gene expression of transport proteins 
(such as TRPV6 and calbindin), which are involved in calcium absorption in the 
intestine. VDR activation in the intestine, bone, kidney, and parathyroid gland cells 
leads to the maintenance of calcium and phosphorus levels in the blood (with the 
assistance of parathyroid hormone and calcitonin) and to the maintenance of bone 
content [70]. The VDR is known to be involved in cell proliferation, differentiation. 
Vitamin D also affects the immune system, and VDR are expressed in several white 
blood cells including monocytes and activated T and B cells [72]. 
The vitamin D receptor acts by forming a heterodimer with the retinoid-X 
receptor, binding to DNA elements, and recruiting coactivators in a ligand-dependent 
fashion [73]. Vitamin D plays an important role in the maintenance of organ systems 
[74]. 
Vitamin D regulates the calcium and phosphorus levels in the blood by 
promoting their absorption from food in the intestines, and by promoting re-absorption 
of calcium in the kidneys. Vitamin D promotes bone formation and mineralization and 
is essential in the development of an intact and strong skeleton. However, at very high 
levels it will promote the resorption of bone. It inhibits parathyroid hormone secretion 
from the parathyroid gland. Vitamin D affects the immune system by promoting 




2.3.3 Vitamin D deficiency 
Vitamin D deficiency can result from inadequate intake coupled with inadequate 
sunlight exposure, disorders that limit its absorption, conditions that impair conversion 
of vitamin D into active metabolites, such as liver or kidney disorders, or, rarely, by a 
number of hereditary disorders [74]. 
2.3.4 Consequences of vitamin D deficiency 
Vitamin D deficiency is known to cause several bone diseases including: rickets, 
a childhood disease characterized by impeded growth, and deformity, of the long bones. 
Osteomalacia, a bone-thinning disorder that occurs exclusively in adults and is charac- 
terized by proximal muscle weakness and bone fragility.  
Osteoporosis, a condition characterized by reduced bone mineral density and 
increased bone fragility [76]. 
 Vitamin D malnutrition may also be linked to an increased susceptibility to 
several chronic diseases such as high blood pressure, tuberculosis, cancer, periodontal 
disease, multiple sclerosis, chronic pain, depression, schizophrenia, seasonal affective 
disorder, peripheral artery disease [77], and several autoimmune diseases including 
type1 diabetes  [70,78]. 
2.3.5 Vitamin D analogues 
The recognition that 1,25(OH)2D3 promotes cellular differentiation and inhibits 
cellular proliferation has led to efforts directed at producing new analogues that retain 
these effects but do not cause hypercalcemia [16] These analogues are relatively 
selective for parathyroid gland with lesser effect on intestinal absorption of calcium and 
phosphorus. 22-oxacalcitriol is characterized by decreasing affinity for vitamin D 
binding protein and has a short plasma half-life resulting in rapid clearance from the 
circulation. It is also characterized by effectively decreasing PTH secretion without 
affecting bone turnover. Paricalcitol is characterized by adequately controlling PTH 
secretion with minimal hypercalcemia and hyperphosphatemia compared to calcitriol. 
Also, doxercalciferol has the same effective suppression of PTH with minimal changes 
in serum calcium and phosphorus levels [79]. 
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2.4 The kidneys 
The kidneys are small, dark red organs lie against the dorsal body wall in a 
retroperitoneal position. They receive some protection from the lower part of the rib 
cage. An adult kidney is about 12 cm long, 6 cm wide, and 3 cm thick [80]. The kidney 
has three regions Figure 2-2. The renal cortex is an outer, granulated layer, the renal 
medulla consists of cone-shaped tissue masses called renal pyramids, and the renal 




Figure 2-2.  Gross anatomy of the kidney. a. A sagittal section of the kidney showing 
the blood supply. b. The same section showing the renal cortex, the renal medulla, and 
the renal pelvis, which connects with the ureter. c. An enlargement showing the 
placement of nephrons [81]. 
 
Each kidney contains over a million tiny structures called nephrons. Nephrons 
are the structural and functional units of the kidneys [80]. Each nephron is made up of 
several parts. First, the closed end of the nephron is pushed in on itself to form a cuplike 
structure called the glomerular capsule (Bowman’s capsule). Next, there is a proximal 
convoluted tubule (PCT), then the tube narrows and makes a U-turn called the loop of 
the nephron (loop of Henle). Each loop consists of a descending limb and an ascending 
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limb. Then the distal convoluted tubule (DCT). The distal convoluted tubules of several 
nephrons enter one collecting duct. Many collecting ducts carry urine to the renal pelvis 
[81]. 
 
As shown in Figure 2.2, the glomerular capsule and the convoluted tubules 
always lie within the renal cortex. The loop of the nephron dips down into the renal 
medulla [81]. Each nephron is associated with two capillary beds- the glomerulus and 
the peritubular capillary bed [80]. From the renal artery, an afferent arteriole leads to the 
glomerulus, a knot of capillaries inside the glomerular capsule. Blood leaving the 
glomerulus enters the efferent arteriole. The efferent arteriole takes blood to the 
peritubular capillary network, which surrounds the rest of the nephron. From there, the 





Figure 2.3. Nephron anatomy. A nephron is made up of a glomerular capsule, the 
proximal convoluted tubule, the loop of the nephron, the distal convoluted tubule, and 
the collecting duct [81]. 
 
2.4.1 Excretory function of the kidney 
The three processes by which the kidneys adjust the composition of plasma are 
filtration, reabsorption, and secretion. 
A – Filtration : the glomerulus acts as a filter. Filtration is a non selective, passive 
process. Water and solutes smaller than proteins are forced through the capillary walls 
and pores of the glomerular capsule into the renal tubule [80]. 
B – Reabsorption : tubular reabsorption begins as soon as the filtrate enters the proximal 
convoluted tubule. Many useful substances including water, glucose, amino acids, and 
needed ions, are transported out of the filtrate into the tubule cells and then enter the 
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capillary blood. Most reabsorption occurs in the proximal convoluted tubules but under 
certain conditions the distal convoluted tubule and the collecting duct are also active 
[80]. 
 C- Secretion : tubular secretion is essentially reabsorption in reverse. Some substances, 
such as hydrogen and potassium ions and creatinine, move from the blood of the 
peritubular capillaries through the tubule cells or from the tubule cells themselves into 
the filtrate to be eliminated in urine [80].  
 
2.4.2 Other functions of the kidney 
- Regulate blood pressure, by producing the enzyme rennin. 
- Stimulate red blood cell production in bone marrow, by producing 
erythropoietin hormone. 
- Kidney cells also convert vitamin D to its active form, calcitriol [80].  
 
2.4.3 Kidney disease 
Renal disease may be acute or chronic. Acute renal failure is worsening of renal 
function over hours to days, resulting in the retention of nitrogenous wastes such as urea 
nitrogen and creatinine in the blood. Chronic renal failure results from an abnormal loss 
of renal function over months to years. Chronic renal disease is rarely reversible and 
leads to progressive decline in renal function. Reduction in renal mass leads to 
hypertrophy of the remaining nephrons with hyperfiltration, and the glomerular 
filtration rate in these nephrons are transiently at supranormal levels, that may worsen 
renal function [11]. 
 
2.4.4 Stages of CKD 
K/DOQI published a classification of the stages of CKD, as follows:  
• Stage 1:  Kidney damage with normal or increased GFR (>90 mL/min/1.73 m2)  
• Stage 2:  Mild reduction in GFR (60-89 mL/min/1.73 m2)  
• Stage 3:  Moderate reduction in GFR (30-59 mL/min/1.73 m2)  
• Stage 4:  Severe reduction in GFR (15-29 mL/min/1.73 m2)  




     In renal failure, filtrate formation decreases or stops completely. Because toxic 
wastes accumulate quickly in the blood when the kidney tubule cells are not working, 
dialysis by an artificial kidney is necessary to cleanse the blood while the kidneys are 
shut down [80]. 
    The basic principle of the artificial kidney is to pass blood through minute blood 
channels bounded by a thin membrane. On the other side of the membrane is a dialyzing 
fluid into which unwanted substances in the blood pass by diffusion. The rate of 
movement of solute across the dialyzing membrane depends on (1) the concentration 
gradient of the solute between the two solutions, (2) the permeability of the membrane 
to the solute, (3) the surface area of the membrane and (4) the length of time that the 
blood and fluid remain in contact with the membrane. Thus the maximum rate of solute 
transfer occurs initially when the concentration gradient is greatest (when dialysis is 
begun) and slows down as the concentration gradient is dissipated [82]. 
The removal of free water during HD is called ultrafiltration. It occurs when water 
driven by either a hydrostatic or osmotic force is pushed through the membrane of the 
dialyzer [19]. 
For the majority of patients with chronic renal failure, between 9 and 12 h of 
dialysis is required each week, usually divided into three equal sessions. However, the 
dialysis dose must be individualized. Recently there has been much interest in the 
possibility that more frequent dialysis may be associated with improved outcomes in 
patients [83].  
 
2.5.1 Epidemiology and etiology 
 
The population of persons with ESRD is increasing in the United States. 
The prevalence of CKD in adults in the United States was 11% in 1988 through 1994 
and 11.7% in 1999 through 2000 [84]. 
The prevalence of CKD in the United States in 1999-2004 is higher than it was in 1988-
1994. This increase is partly explained by the increasing prevalence of diabetes and 
hypertension and raises concerns about future increased incidence of kidney failure and 
other complications of CKD [85]. Total CKD prevalence in Norway was 10.2% in 1995 
through 1997. ESRD incidence is much lower in Europe compared with the United 
States [84]. 
22
In 2001, 1,479,000 people were undergoing treatment for ESRD worldwide. Of these, 
1,015,000 underwent HD [86]. 
In the United States the ESRD incidence is 338 per million population (versus 90 
[Finland] to 170 [Germany]) in 2003 [87]. 
The dialysis population is increasing worldwide with prevalence of 215 patients per 
million population on dialysis in 2004 [88]. 
In Jordan, the number of patients on HD has at least doubled over the past 5 years [89]. 
At present, there are around 2500 patients on maintenance HD therapy in Libya [90].  
The number of ESRD patients on renal replacement therapy in Iran reached about 
25000 in 2006. The prevalence and incidence of ESRD are 357 and 66 per million 
population , respectively [91]. 
The overall 5-year mortality among HD patients was 51.4% in Libya, 40% in USA, 44-
48% in Saudi Arabia, and 48% in the UK [90]. 
 
Over 50% of cases of CKD are due to diabetes mellitus and hypertension. 
Glomerulonephritis, cystic diseases, and other urologic diseases account for another 20-
25%, and nearly one-sixth of patients have unknown causes. [11]. 
 
2.5.2 Criteria for placing patients on dialysis 
Commonly accepted criteria for placing patients on dialysis include the presence 
of the uremic syndrome; the presence of hyperkalemia unresponsive to conservative 
measures; extracellular volume expansion; acidosis refractory to medical therapy;          
a bleeding diathesis; and a creatinine clearance of 10 mL/min per 1.73 m2 [83]. 
 
2.5.3 Medical management of hemodialysis patients 
 
The aim of  management is to reduce the occurrence of uremic bone disease and 
cardiovascular morbidity and mortality caused by elevated serum levels of PTH and 
calcium × phosphorus product. Efforts to manage phosphorus retention in patients with 
ESRD almost always entail the use of phosphate-binding agents together with 
phosphorus restriction [92]. Daily dietary phosphorus intake is recommended to be 





Calcium- based phosphate binders are often recommended as the initial binder therapy 
[94]. The total dosage of elemental calcium provided by the calcium- based phosphate 
binders should not exceed 1500 mg/day, and the total intake of elemental calcium 
(including dietary calcium) should not exceed 2000 mg/day [10]. Extensive clinical 
experience is available for sevelamer hydrochloride which has proved to be equivalent, 
although not superior, to calcium carbonate in terms of its phosphate chelating capacity 
[95].  Lanthanum carbonate is an alternative noncalcium phosphate binder [96].    
In patients undergoing dialysis and who remain hyperphosphatemic despite the use of 
calcium-based phosphate binders or other noncalcium phosphate binders, a combination 
of both has been recommended . In such patients, more frequent dialysis should also be 
considered [97].     
 
Medical management of secondary hyperparathyroidism 
 
In stage 5, CKD, therapy with an active vitamin D sterols (calcitriol, 
alfacalcidol, paricalcidol or doxercalciferol) should be provided if the plasma 
concentration pf PTH is above 300 pg/ml [98]. Intermittent, intravenous administration 
(known as puls dosing) of calcitriol is more effective than daily oral calcitriol in 
lowering plasma PTH levels [99]. Calcimimetic agents are small organic molecules that 
activate the CaR in the membrane of the parathyroid cell, thereby inhibiting PTH 
release. They represent a novel approach to managing excess PTH secretion because 
their mechanism of action is distinct from that of the vitamin D sterols, and their 
efficacy in lowering plasma PTH concentrations in hemodialysis patients with 
secondary hyperparathyroidism has been documented in several clinical trials [100]. 
Calcimimetic agents retard the development of  parathyroid gland hyperplasia [101].  
Cinacalcet HCl is a new Calcimimetic agent that is currently approved for clinical use 





2.6 Related studies 
In a study performed on 57 HD patients, who had been on dialysis for more than 
9 months. The percentage of patients whose serum Ca, P, Ca x P product and PTH were 
within K/DOQI recommended target ranges were 46%, 53%, 77% and 28%, 
respectively [2]. 
 
In another study performed on 140 patients, in USA, over a 6-month period in 
an inner city HD unit, it was found that the level of serum calcium and serum 
phosphorus fell within the range recommended by the (K/DOQI) guidelines 49% and 
36% of the time respectively, 57% of the determination for Ca P product were < 55 
mg2/dl2. PTH levels were within the recommended values in 20% of the determinations. 
Only 7% of the determinations met all four criteria simultaneously [102]. 
 
In another study, performed on Seventy-three patients, in Turkey, (46 male, 27 
female; mean age 48±13 years, on HD for 82±80 months), the percentage of patients 
who met all three targets of NKF-K/DOQI for phosphate, calcium and Ca x PO4 product 
was 27.1%, whereas those who did not achieve the target in one, two or three parameters 
was 28.1%, 17.7% and 14.6%, respectively [103]. 
 
In another study, the state of mineral metabolism (serum PTH, phosphorus, 
calcium, and calcium-phosphorus product) was described for representative samples of 
patients and facilities from 7 countries (France, Germany, Italy, Japan, Spain, United 
Kingdom, and United States) participating in the Dialysis Outcomes and Practice 
Patterns Study (DOPPS I, 1996-2001; DOPPS II, 2002-2004). Results: A relatively 
modest percentage of patients fell within the guideline range for PTH (21.4% in DOPPS 
I, 26.2% in DOPPS II), serum phosphorus (40.8%, 44.4%), albumin-corrected serum 
calcium (40.5%, 42.5%), and calcium-phosphorus product (56.6%, 61.4%). Results 
were not dramatically different across countries. The majority of patients not within 
guideline ranges had high serum levels of phosphorus (51.6% in DOPPS I, 46.7% in 
DOPPS II), calcium (50.1%, 48.6%), and calcium-phosphorus product (43.4%, 38.6%) 
and low (<150 pg/mL) concentrations of PTH (52.9%, 47.5%). It was rare for patients 
to fall within recommended ranges for all indicators of mineral metabolism; 23% to 
25
28% fell within guideline for at least 3 measures and only 4.6% to 5.5% of patients 
were within range for all 4 [104]. 
 
A multicentre observational study (COSMOS), performed on randomly selected 
hemodialysis patients, (1469 men, 1026 women), recruited from 285 facilities in 21 
countries. The investigators assessed outcomes in relation to the percentage of patients 
who fell within KDOQI target ranges for serum calcium, phosphorous, calcium–
phosphorus multiplication product and parathormone. That goal was achieved by 






















Chapter   3 
Materials and Methods 
 
3.1. Study design 
 
The present study is a case-control study. 
 
3.2. Target population 
 
The target population is hemodialysis patients diagnosed as ESRD on hemo- 
dialysis for ≥12 months. All patients were on phosphate binder (calcium carbonate), 
while 55 patients were receiving vitamin D analogue (0.5 µg alfacalcidol daily), and the 
other 25 patients were not. 
 
3.3. Setting of the study 
 
The hemodialysis unit at Al-Shifa hospital in Gaza strip. 
 
3.4. Sample size 
 
The present study included 160 subjects divided as 80 cases and 80 healthy 
individuals as control sample. Controls and cases were age and sex matched. 
 
3.5. Ethical considerations 
 
The necessary approval to conduct the study from Helsinki Committee in the 
Gaza strip was obtained. This approval was issued on March 2008(Annex 1). Helsinki 
Committee is an authorized professional body for giving permission to researchers to 
conduct their studies with ethical concern in the area. Two official letters of request 
were sent to both  the director of  Al-Shifa hospital (Annex 2) and the director of Beet-
Hanoun hospital (Annex 3) for approval to carry out the study in the hospitals and 
laboratories. The participants were given a full explanation about the purpose of the 
study and assurance about the confidentiality of the information obtained through the 
questionnaire and blood analysis. 
 
3.6. Data collection 
 
An interview used for filling in the questionnaire which was designed for 
matching the study need. Face to face interviews were conducted by the researcher to 
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collect data from both the patients (Annex 4) and controls (Annex 5). The questionnaire 
included personal and medical information.  
 
3.7. Determination of BMI 
       
BMI (kg/m2) was determined by dividing weight (in kilograms) by height (in 
squared meters). 
 
3.8. Blood sampling and processing 
 
Blood samples were collected by the researcher from all the subjects who agreed 
to participate in the study (before HD sessions for the patients).  Five ml blood were 
obtained from each subject into vacutainer plain tubes and were left short time to allow 
blood to clot, then serum samples were obtained by centrifugation at 3000 rpm for 15 
minutes. 
The serum of the patients samples were separated in the laboratory of  Al- Shifa 
hospital, while the blood samples of the controls were collected and centrifuged in the 
laboratory of Beet- Hanoun hospital. Each subject΄s serum was divided into two tubes 
and kept at – 70 º C in the laboratories of the Islamic University until the time of perfo- 
rming the analysis. 
 
Serum urea, creatinine, albumin, total calcium, ionized calcium, and phosphorus 
analyses were carried out in the laboratory of Beet- Hanoun hospital, while PTH assay 
was carried out in a private licensed laboratory ( Balsam laboratory). 
 
3.9. Biochemical analysis 
 
Serum urea, creatinine, albumin, total calcium, and phosphorus were analyzed 
manually using Biosystem BTS-310 spectrophotometer (Spain). Two levels of 
lyophilized multi-control sera ; normal and abnormal levels were analyzed with each 
run. Serum ionized calcium was analyzed using ISE method by AVL 9180 Electrolyte 
analyzer, Roche, Germany. Three levels of controls; l, II, III, were analyzed with each 
run. PTH was analyzed using ELISA method by ELISA reader, Diamed, (Italy). Low 





3.9.1. Determination of serum urea 
 
Serum urea was determined using AMP Diagnostics kit 
 
 





Enzymatic determination was done according to the following reactions: 
                      Urease 
Urea +H2O                        2NH3 + CO2 
                                                                 GLDH 
2NH4 + 2α-Ketoglutarate + 2NADH                         2L-Glutamate + 2NAD +2H2O 
 




Reagent : R1      
                         Tris buffer, pH 7.60                           125          mmol/L 
                         ADP                                                        1         mmol/L 
                         α-Ketoglutarate                                       9         mmol/L 
                         Urease                                        ≥     8100               U/L 
                        GLDH                                         ≥    1350               U/L 
Reagent : R2 
                         NADH                                                 1.5          mmol/L 
 
 
Preparation and stability of working reagent 
 
 Four volumes of R1 were mixed with 1 volume of R2 
 
Stability  : 5 days at 20-25º C 




Wavelength                 :          340 nm (334-365) 
Temperature                :          37º C 
Cuvette                        :          1 cm light path 
 
Reading against distilled water was performed. 
 
one reagent procedure 
 
Working reagent                  :            1 ml 
 
Sample or standard              :           10 µl 
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Mixing and reading the variation of optical density (∆OD) between 30 seconds and 90 
seconds was performed. 
 
Calculation   
 
∆OD  Sample 
______________   X    n         =   urea sample concentration  (mg/dl)        
∆OD  Standard  
 
n  =  standard urea concentration   ( 50  mg/dl ) 
 
 
3.9.2. Determination of serum creatinine 
 
Serum creatinine was determined according to Jaffe method using AMP Diagnostics kit 
 




The rate of formation of a coloured complex between creatinine and alkaline picrate is 




Reagent : R1      
                          
                                Picric acid                                8.73                  mmol/L   
 
Reagent : R2  
 
                               Sodium hydroxide                  312.5                  mmol/L 
 
                               Disodium phosphate                 12.5                  mmol/L 
Standard : Std 
                                Creatinine                                       2                   mg/dl  
 
Preparation and stability of working reagent 
 
Mixing 1 volume of R1 with 1 volume of R2 was performed. 




Wavelength                 :       492 nm (480-520) 
Temperature                :          37º C 
Cuvette                        :          1 cm light path 
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Reading against distilled water was performed. 
 
Working reagent                  :            1 ml 
 
Sample or standard              :           100 µl 
 
Mixing and reading the optical density (OD1) 10 seconds after the sample or standard 
addition was performed. Exactly 2 minutes after the first reading, the second reading 




∆OD  Sample 
______________   X    n      = sample creatinine concentration  (mg/dl)           
∆OD  Standard  
 
 
n  =  standard creatinine concentration    
 
 
3.9.3. Determination of serum albumin 
 
Serum albumin was determined using AMP Diagnostics kit 
 
 
Method : Colorimetric. 
               Bromocresol green (BCG). 
                                
Principle 
 




Reagent : R     
                           Succinate buffer, pH 4.20                          87          mmol/L 
                           Bromocresol green                                    0.2          mmol/L 
 
                           Brij 35                                                     7.35               ml/L 
 
Standard : Std    Bovine albumin                                            5               g/dL  
 
 
Preparation and stability of working reagent 
 
 




Wavelength                 :          628 nm  
Temperature                :          37º C 
Cuvette                        :          1 cm light path 
 
 
Reading against reagent blank was performed. 
 






















Mixing and reading the optical density (OD) after a 5 minute incubation was done. 




OD  Sample 
______________     ×    n       = sample albumin concentration  (gm/dL)           
OD  Standard  
 
n  =  standard albumin concentration    
 
 
3.9.4. Determination of serum calcium 
 
Serum calcium was determined using Diagnostic Systems International kit 
 
Method :  




Cresolphthalein complexone reacts with calcium ions in alkaline medium forming a red-





Reagent : R1     




Reagent : R2 
 
                      2- Cresolphthalein complexone                 0.06             mmol/L 
                      8-hydroxyquinoline                                         7             mmol/L 
                      Hydrochloric acid              pH 1.1                 20             mmol/L 
 
Standard : Std                                                                       10               mg/dl 
 
Preparation and stability of working reagent 
 
Four parts of R1 were mixed with 1 part of R2 
 





Wavelength                 :          570 nm, Hg 578 nm (550 – 590 nm)  
Temperature                :          37º C 
Cuvette                        :          1 cm light path 
 
Reading against reagent blank was done. 
 





















Mixing and reading the optical density (OD) after a 5 minute incubation was done. 




OD  Sample 
______________  X  n       = sample calcium concentration (mg/dL)               
OD  Standard  
 
 




Albumin-corrected serum calcium (mg/dL) = measured total calcium + 0.8 [4.0- serum 




3.9.5. Determination of serum phosphorus 
 









Determination of inorganic phosphorus is made according to the following reaction: 
 
                                                                  
                                                                 Phosphorus 




Reagent : R 
 
                       Sulfuric acid                                 210                      mmol/L 
                       Ammonium molybdate                650                        umol/L 
 
Standard : Std 
 
                       Phosphorus                                       5                         mg/dl 
 
Preparation and stability of working reagent 
 




Wavelength                 :          340 nm  
Temperature                :          37º C 
Cuvette                        :          1 cm light path 
 
Reading against reagent blank was done. 
 
 
 BLANK STANDARD SAMPLE 




















Mixing and reading the optical density (OD) after a 5 minute incubation was done. 




OD  Sample 
______________   X n      = sample  phosphorus concentration (mg/dL)               
OD  Standard  
 
n  =  standard phosphorus concentration  
 
Note : 
(Calcium × Phosphorus) product (mg2/dL2) was obtained by multiplying the 




3.9.6. Determination of serum parathormone 
 
Serum PTH was determined using the Diagnostic Systems Laboratories, Inc. 





The DSL-10-8000 Active® I-PTH Enzyme-Linked Immunosorbent Assay 
(ELISA) Kit provides materials for the quantitative measurement of I-PTH in serum or 
plasma. 
 
Principle of the test 
 
The DSL-10-8000 Active® I-PTH ELISA is an enzymatically amplified two-
step sandwich-type immunoassay. In the assay, standards, controls, and unknowns were 
incubated with biotinylated anti-parathormone antibody of defined specificity in micro- 
titration wells precoated with an affinity purified goat anti- human PTH antibody of 
defined and unique epitope specificity. After incubation and washing, the wells were 
treated with streptavidin labeled with enzyme horseradish peroxidase (HRP). After a se- 
cond incubation and washing step, the wells were incubated with the substrate 
tetramethylbenzidine (TMB). An acidic stopping solution was then added and the 
degree of enzymatic turnover of the substrate was determined by dual wavelength 
absorbance measurement at 450 and 620 nm. The absorbance measured is directly 
proportional to the concentration of I-PTH present. A set of I-PTH standards was used 
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to plot a standard curve of absorbance versus I-PTH concentration from which the I-




- Anti-I-PTH- coated microtitration strips : one stripholder containing 96 
microtitration wells coated with anti I-PTH affinity-purified antibody 
- I-PTH standard A/sample diluent : one vial, 5 ml, labeled A, containing 0 pg/ml 
I-PTH in a buffered matrix. 
- I-PTH standards B–G : six vials, 1 ml each, labeled B-G, containing 
concentrations of approximately 10.0, 30.0,100.0, 250.0, 750.0 and 2000.0 
pg/ml I-PTH in a buffered human serum-based matrix . 
- I-PTH controls : two vials, levels I and II, containing low and high 
concentrations of I-PTH. 
- I-PTH assay buffer : one vial, 11 ml, containing a phosphate buffered matrix. 
- I-PTH antibody-biotin conjugate : one vial, 11 ml, containing anti- I-PTH 
antibody conjugated to biotin in protein-based buffer. 
- Streptavidin-enzyme conjugate concentrate : one vial, 0.3 ml containing 
Streptavidin-enzyme conjugate. 
- TMB chromogen solution : one bottle, 11 ml, containing a solution of 
tetramethylbenzidine (TMB) in citrate buffer with hydrogen peroxide. 
- Wash concentrate : one bottle, 100 ml, containing buffered saline with a 
nonionic detergent. 
- Stopping solution : one vial, 11 ml, containing 0.2M sulfuric acid. 
      
 Reagent preparation: 
 
      -    Wash solution : by diluting the wash concentrate 10-fold with deionized water. 
- Streptavidin-enzyme conjugate solution : by diluting the Streptavidin-enzyme 




Note : All reagents and samples were allowed to reach room temperature (~25ºC) and 
mixed thoroughly by gentle inversion before use. 
 
1-  The microtitration strips to be used, were marked. 
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2- Fifty µL of the standards, controls, and unknowns were pipetted to the approp- 
riate wells. 
3-  Then, 100 µL of the antibody-biotin conjugate solution was added to each well . 
4- Incubation of the wells, shaking at 500-700 rpm on an orbital microplate shaker, 
for 2.5 hours at room temperature (~25ºC) was performed. 
5- Aspiration and washing  each well five times with the wash solution using an 
automatic microplate washer was performed. Blot dry by inverting the plate on 
absorbent material was done. 
6- Then, 100 µL Streptavidin-enzyme conjugate solution was added  to each well. 
7- Incubation of the wells, shaking at 500-700 rpm on an orbital microplate shaker, 
for 30 minutes at room temperature (~25ºC) was performed. 
8- Aspiration and washing each well five times with the wash solution using an 
automatic microplate washer was performed. Blot dry by inverting the plate on 
absorbent material was done. 
9- Then, 100 µL of the TMB solution was added to each well . 
10-  Incubation of the wells, shaking at 500-700 rpm on an orbital microplate shaker, 
for 10-15 minutes at room temperature (~25ºC) was performed. Exposure to 
direct sunlight was avoided. 
11- Then, 100 µL of the stopping solution was added to each well. 
12- Reading the absorbance of the solution in the wells within 30 minutes, using a 
microplate reader set to 450 nm was done. 
                        
Calculation  
 
A.  The mean absorbance for each standard, control or unknown was calculated. 
B.  The log of the mean absorbance readings for each of the standards along the y-
axis versus the log of the I-PTH concentrations in pg/ml along the x- axis, using 
a linear curve-fit, was plotted. 
C.  The I-PTH concentrations of the controls and unknowns were determined from 
the standard curve by matching their mean absorbance readings with the 
corresponding I-PTH concentrations. 
 
Expected values 
 .  




Subject Absolute range 
(pg/mL) 
Mean ± SD  (pg/mL) 
Normal Adults 16 - 62 33      ±  12 
Primary Hyperparathyroidism 50 - 962 341    ±  357 
Renal failure with secondary 
hyperparathyroidism 




3.9.7. Determination of serum free- ionized calcium 
 
Serum free- ionized calcium was determined using ion-selective electrode method. The 
instrument used was AVL 9180 electrolyte analyzer (Germany) which perform self 
calibration and when the calibration process is correctly performed, the screen of the 
instrument display ready status and the serum ionized calcium can be measured. Three 
levels of controls; l, II, III, were analyzed with each run. 
 
 
3.10.  Statistical analysis 
 
Data were computer analyzed using SPSS (Statistical Package for Social Science), 
version 11 with the following steps : 
1- Data entry 
2- Data cleaning 
3- Data tabulation 
4- Data cross-tabulation 
Then the variables of the study were conducted to multiple statistical tests according 
to types of variables, such as (t- test, chi-square test (X2), and correlation and 
regression test). Results analyzed were expressed as mean±SD. 












4.1. Study population description 
The sample size of the study was 160 subjects. The case-control ratio was 1:1 
matched by age and gender. The percentage of males was 51%, while the percentage of 
females was 49% (Figure 4.1). The mean age was 47.2 + 15.9 years among cases and 
47.3+15.8 years among controls.The percentage of  the subjects from Gaza governorate 
was 55% (66.2% of cases, 43.7% of controls), while those from North governorates was 






























The average of weight was 69.9 + 20.8 kg  among cases and 70.7 + 10.7 kg 
among controls (Figure 4.3), The average of height was 1.6 + 0.1 m among cases and 
1.7 + 0.1 m among controls) (Figure 4.4). The average of BMI was 25.5 + 6.7 kg/m2  








































Figure 4.5. Averages of BMI among cases and controls
 
The mean of frequency of hemodialysis among cases was 2.6 + 0.5 sessions 
weekly. The mean of duration of hemodialysis among cases was 49.1 + 38.8 months  
(Figure 4.6). Also, the percentage of cases on hemodialysis for less than 48 months was  
49 (61.3%), while those on hemodialysis for 48 months or more  was  31 (38.7 %) 
(Figure 4.7). The percentage of cases on hemodialysis 2 sessions weekly was 31 
(38.7%) while those on hemodialysis 3 sessions weekly was 49 ( 61.3% ) (Figure 4.8 ). 
The percentage of cardiovascular diseases was 22.5% among cases, none among 
controls, and the percentage of bone disorders was  46.3 % among cases, none among 
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4.2. Relationship between parathormone and calcium× phosphorus product, 
albumin- corrected serum calcium and serum phosphorus with gender 
among cases and controls  
 
Table 4.1 reveals that there was no significant difference (t=-0.20, p=0.840) 
between male cases (1677.4+ 1807 pg/ml) and female cases (1755+ 1616.2 pg/ml ) 
regarding parathormone average. Also, there was no significant difference (t=-1.93, 
p=0.057) between male cases (59.70+ 12.4 mg2/dl2) and female cases (56.9+ 16.1 
mg2/dl2)  for (Ca × P) product average. The same results was observed with albumin- 
corrected serum Ca, (t=-1.5, p=0.129), and with serum phosphorus (t=-1.3, p=0.185) 
among male cases (9.4+1.0 mg/dl, 6.4+ 1.2 mg/dl respectively) and female cases 









Table 4.1. Averages of parathormone, ( Ca × P ) product, albumin - corrected 
serum Ca, and  serum phosphorus among cases by gender  
 
Female (n=39) Male (n=41) 
P-value 
Mean + SD Mean + SD 
Variable 
0.84 1755 + 1616.2  1677.4 + 1807 PTH (pg/ml) 
0.057 56.9 + 16.1 59.70 + 12.4 Ca × P (mg2/dl2) 
0.129 9.7 + 0.8 9.4  + 1.0 Albumin - corrected serum Ca (mg/dl) 
0.185 6.8 + 1.6 6.4 + 1.2 Serum phosphorus (mg/dl) 
   P < 0.05: significant 
Table 4.2 reveals that there was no significant difference (t=0.06, p=0.954) 
between male controls(35.8+ 16.8 pg/ml) and female controls (35.6+ 12.4 pg/ml ) 
according to parathormone average. Also the table revealed that there was no 
.significant difference (t=0.9, p=0.395) between male controls (40.7+ 7.3 mg2/dl2) and 
female controls (39.6+ 4.3 mg2/dl2) by (Ca × P) product average. The same results was 
observed according to albumin- corrected serum Ca (t=-0.2, p=0.821) and serum 
phosphorus (t=0.9, p=0.361) among male controls (9.4+0.3 mg/dl, 4.3+0.7 mg/dl 
respectively) and female controls(9.4+0.3 mg/dl, 4.2 + 0.4 mg/dl respectively). 
.  
Table 4.2. Averages of parathormone, ( Ca × P ) product, albumin - corrected 
serum Ca, and serum phosphorus among controls by gender  
 
Female (n=39)  Male (n=41) 
P-value 
Mean + SD Mean + SD 
Variable 
0.954 35.6 + 12.4 35.8 + 16.8 PTH (pg/ml) 
0.395 39.6 + 4.3 40.7 + 7.3 Ca × P (mg2/dl2) 
0.821 9.4 + 0.3 9.4 + 0.3 Albumin - corrected serum Ca (mg/dl) 
0.361 4.2 + 0.4 4.3 + 0.7 Serum phosphorus (mg/dl) 





4.3. Levels of  parathormone, calcium× phosphorus product, albumin- 
corrected serum calcium, and serum phosphorus among cases and controls: 
As shown in Table 4.3, among the cases, the percentage of subjects whose PTH  
level is out of the range recommended by KDOQI guidelines was 86.2% (83.7 more 
than 300 pg/ml, 2.5% less than 150 pg/ml). In addition, about more than two third of 
cases (67.5%) have calcium × phosphorus product  of 55 or more. Moreover, that more 
than half of cases (46.3% more than 9.5 mg/dl, 12.4% less than 8.4 mg/dl) have calcium 
level out of range recommended by KDOQI guidelines. Furthermore, more than three 
quarter of cases (77.5%) have phosphorus level more than 5.5 mg/dl.  
 
Table 4.3. Distribution of cases by levels of parathormone, (Ca × P) product, 
albumin - corrected serum calcium and phosphorus  
Variable Groups No % 
Less than 150 2 2.5 
150-300 11 13.8 
PTH level (pg/ml) 
More than 300 67 83.7 
Less than 55 26 32.5 (Ca × P) product (mg2/dl2) 
55 or more 54 67.5 
Less than 8.4 10 12.4 
8.4- 9.5 33 42.3 
Albumin - corrected serum Ca (mg/dl) 
More than 9.5 37 46.3 
Less than 3.5 0 0 
3.5-5.5 18 22.5 
Serum phosphorus (mg/dl)  









As shown in Table 4.4, there was high statistically significant difference 
between the mean of parathormone level of cases (1715.3 + 1706.3 pg/ml),range: 40-
8778 pg/ml and the mean of parathormone level of controls (35.7 + 14.7 pg/ml),range: 
16-108 pg/ml (t=8.80, p=0.000). The mean of (Ca × P) product among cases (62.7 + 
14.6 mg2/dl2), range: 31.2-105 mg2/dl2, was significantly higher than that of controls 
(40.2 +6.0 mg2/dl2), range: 26 - 52.2 mg2/dl2 (t =12.79, p = 0.000). Also, the difference 
between the mean of serum albumin of cases (4.6 + 0.39 g/dl), range: 3.7 – 5.2 g/dl and 
the mean of serum albumin of controls (4.7 + 0.3 g/dl), range: 3.8-5.2 g/dl was 
statistically significant (t = -12.28, p = 0.024). 
The difference between the mean of albumin- corrected serum calcium of cases (9.5 + 
0.9 mg/dl),range: 7.3 – 11.0 mg/dl and that of controls (9.4 + 0.3 mg/dl), range: 8.6 -
10.5 mg/dl was not statistically significant, (t=0.86,p= 0.39). On the other hand, the 
difference between the mean of free- ionized calcium of cases (3.78 + 0.47), range: 2.9 
– 4.9 mg/dl and that of controls (4.7 + 0.1 mg/dl) range: 4.1 – 5.0 mg/dl, was 
statistically significant (t=-17.33, p=0.000). Also, the difference between the mean of 
serum phosphorus of cases ( 6.6 + 1.4 mg/dl) , range: 3.5 -10.5mg/dl and that of 
controls (4.3 + 0.60 mg/dl), range: 2.8 -5.4 mg/dl, was statistically significant (t=13.62, 
p=0.000). 
 
Table 4.4. Averages of parathormone, Ca×P product, serum albumin, albumin- 
corrected serum calcium , serum free- ionized calcium and serum phosphorus 
among cases and controls  
Controls (n=80) Cases (n=80) 
P-value 
Mean + SD Mean + SD 
Variable 
0.000* 35.7 + 14.7 1715.3 + 1706.3 PTH (pg/ml) 
0.000* 40.2 + 6.0 62.7 + 14.6  Ca × P (mg2/dl2) 
0.024* 4.7 + 0.3 4.60 + 0.39  Serum albumin (g/dl) 
0.394 9.4 + 0.3 9.50 + 0.90  Albumin - corrected serum Ca (mg/dl) 
0.000* 4.7 + 0.1 3.78 + 0.47  Serum free- ionized Ca (mg/dl) 
0.000* 4.3 + 0.6 6.6 + 1.4  P(mg/dl) 
  *Statistically significant 
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Table 4.5, shows that  the average of  PTH, (Ca × P) product, and P  among 
cases on hemodialysis for less than 48 months or those on hemodialysis for 48 months 
or more are higher than the values described by KDOQI guidelines. The averages of 
those parameters among cases on hemodialysis for 48 months or more was higher than 
parameters of those on hemodialysis for less than 48 months. It is important to mention 
that the difference in average of PTH level among cases on hemodialysis for less than 
48 months (1401.4+ 1485.2 pg/ml) and those on hemodialysis for 48 months or more 
(2211.3+ 1929.3 pg/ml) was statistically significant (t=-2.11 , P= 0.038), while the other 
differences in the averages between the two groups of cases according to duration of 
hemodialysis were not significant statistically. Moreover, it is important to clarify that 
the averages of  albumin- corrected serum Ca of both groups of cases according to 
duration of hemodialysis were close to the value recommended by KDOQI guidelines.  
 
Table 4.5. Averages of parathormone, ( Ca × P) product, albumin - corrected 
serum calcium  and serum phosphorus among cases  by duration of hemodialysis 
 
Hemodialysis duration 
48 months or 
more (n=31) 
Less than 48 
months (n=49) 
P-value 
Mean + SD Mean + SD 
 
Variable 
0.038* 2211.3 + 1929.3 1401.4 + 1485.2 PTH (pg/ml) 
0.630 63.7 + 13.4 62.1 + 15.4 Ca × P (mg2/dl2) 
0.311 9.4 + 0.9 9.5 + 0.9 Albumin - corrected serum Ca (mg/dl) 
0.337 6.8 + 1.3 6.5 + 1.5 P(mg/dl) 
   *Statistically significant 
 
Concerning the frequency of hemodialysis, it was found that there were no 
statistically significant differences between the averages of PTH, (Ca × P) product, 
albumin- corrected serum Ca and serum P of cases on hemodialysis  2 sessions weekly  
and of those on hemodialysis 3 sessions weekly. However, it was observed that the 
average of PTH among cases on hemodialysis 2 sessions weekly (1790.7+ 2062.7 
pg/ml) was higher than those on hemodialysis 3 sessions weekly (1667.5+ 1458.2 
pg/ml) as shown in Table 4.6. 
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Table 4.6. Averages of parathormone, Ca×P product, albumin- corrected serum 




(n = 49) 
Two sessions 
(n = 31) 
P-value 
Mean + SD Mean + SD 
Variable 
0.755 1667.5 + 1458.2 1790.7 + 2062.7 PTH (pg/ml) 
0.592 63.4 + 14.0 61.6 + 15.7 Ca × P (mg2/dl2) 
0.963 9.5 + 1.0 9.5 + 0.8 Albumin - corrected serum Ca (mg/dl) 
0.611 6.7 + 1.3 6.5 + 1.7 P(mg/dl) 
 
 
4.4. Relationship between parathormone with albumin- corrected serum 
calcium, and with phosphorus among cases 
The correlation between the parathormone with albumin-corrected serum 
calcium was statistically not significant (R= -0.20, P=0.08) among cases. Also the 
correlation between the parathormone with serum phosphorus was statistically not 
significance (R=0.21, P=0.060) among cases, where the increasing in the level of serum 
phosphorus results in increasing the level of parathormone. 
 
 4.5. Relationship between Vitamin D analogue, (alfacalcidol),  with 
parathormone, calcium × phosphorus product, albumin- corrected serum 
calcium and serum phosphorus among cases 
 
Regarding the supplement of cases with Vitamin D analogue capsule of 0.25 
microgram twice daily, the results revealed that there were no significant differences 
between the averages of parathormone, calcium × phosphorus product, albumin- 
corrected serum calcium and serum phosphorus in cases supplied by vitamin D 
analogue (1749.0+ 1907.6pg/ml, 61.9+  13.8 mg2/dl2, 9.4+ 0.8 mg/dl and 6.6+1.4 mg/dl 
respectively) and those not supplied by vitamin D analogue (1641.0+ 1177.7pg/ml, 
64.4+  16.3 mg2/dl2, 9.6+ 1.0 mg/dl and 6.7+1.4 mg/dl respectively) as shown in Table 
4.7. 
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Table 4.7. Averages of parathormone, Ca×P product, albumin- corrected serum 
calcium  and serum phosphorus among cases  by vitamin D analogue supplying 
 
Not Supplied with 
Vitamin D 
analogue 
(n = 25) 
Supplied with 
Vitamin D 
analogue (0.5 µg) 
daily.     ( n = 55) 
P-value 
Mean + SD Mean + SD 
Variable 
0.795 1641.0 + 1177.7 1749.0 + 1907.6 PTH (pg/ml) 
0.480 64.4 + 16.3  61.9 + 13.8 Ca × P (mg2/dl2) 
0.381 9.6 + 1.0 9.4 + 0.8 Albumin - corrected serum Ca (mg/dl) 
0.829 6.7 + 1.4 6.6 + 1.4 P(mg/dl) 
     
 
4.6. Relationship between parathormone and calcium× phosphorus product 
with serum urea and creatinine among cases 
Among the cases, it was found that there were no statistically significant 
correlations between parathormone with either serum urea (R=0.17, P=0.129) or 
creatinine (R=0.09, P=0.432). Also the correlation between (Ca × P) product with serum 
urea was statistically not significant (R=0.12, P=0.280). On the other hand the 
correlation between (Ca × P) product with creatinine was statistically significant 
(R=0.26, P=0.021), where increasing the level of serum creatinine results in increasing 
(Ca × P) product according the formula ( (Ca × P) product = 52.26 +{1.55 
×Creatinine}) as shown in figure 4.10. Moreover, the correlation between serum 
phosphorus and creatinine was statistically significant (R=0.30, P=0.007), where the 
increasing in the level of  serum creatinine results in increasing in the level of serum 
phosphorus according to the formula (  serum phosphorus= 5.41 +{0.18 ×Creatinine }) 
as shown in figure 4.11.  
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 Figure 4.11. Correlation between serum phosphorus with creatinine 
C lcium X phosphorus product (mg2/dl2) 
Phosphorus (mg/dl) 
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4.7. Relationship between parathormone and calcium× phosphorus product 
with age of cases 
 
Regarding the age of cases, it was found that there was no correlation between 
PTH (R= -0.14, p= 0.218), or (Ca × P) product (R= -0.017, p= 0.882) with age. 
 
4.8. Relationship between parathormone and calcium× phosphorus product 
with BMI of cases 
 
It was found that there was no correlations between PTH (R=0.049, p=0.665) or 
(Ca × P) product (R=0.21, p=0.062) with BMI.   
 
 
4.9.   relationship of hemodialysis with bone and cardiovascular diseases 
among cases  
 
The results of the study revealed that 37 (46.3%) subjects of  80 cases were 
complaining of bone diseases. It was observed that the percentage of subjects of bone 
diseases among cases on hemodialysis for less than 48 months 29 (59.2%) was more 
than those on hemodialysis for 48 months or more  8 (25.8%) as shown in Figure 4.12. 
Also the results revealed that there was a significant relationship between the duration 
of hemodialysis and bone diseases (X2= 8.51, P= 0.004). On the other hand there was 
no difference in the percentage of subjects of bone diseases among cases on 
hemodialysis of 2 sessions weekly 14 (45.2%) or those of three sessions weekly 

















Bone Diseases Without Bone Diseases
Figure 4.12. Distribution of cases by bone diseases and duration 
of hemodialysis
< 48 months >& =48 months 











Bone Diseases Without Bone Diseases
Figure 4.13. Distribution of cases by bone diseases and 
frequency of hemodialysis
2 sessions weekly 3sessions weekly
 
Concerning cardiovascular disorders, the results revealed that the percentage of 
subjects of cardiovascular diseases among cases on hemodialysis for less than 48 
months 12 (24.5%) was more than those on hemodialysis for 48 months or more 6 
(19.4%), Figure 4.14. This difference was not statistically significant (X2= 0.29, P= 
0.59).However, there was statistically significant difference (X2= 7.48, P= 0.006) in the 
52
percentage of cases on hemodialysis two sessions  weekly 2 (6.5%) and those on 














Cardiovascular Diseases Without cardiovascular Diseases
Figure 4.14. Distribution of cases by cardiovascular diseases 
and duration of hemodialysis


















Cardiovascular Diseases Without cardiovascular Diseases
Figure 4.15. Distribution of cases by cardiovascular 
diseases and frequency of hemodialysis











Minerals are very important for the human body. They have various roles in 
metabolism and body functions and are essential for the proper function of cells, tissues 
and organs. Mineral metabolism disorders are marked by abnormal levels of minerals, 
either too much or too little, in the blood. Many people who have severe chronic kidney 
disease will eventually develop kidney failure and will require dialysis. Because of the 
importance of maintaining the levels of serum calcium, phosphorus and PTH to be in 
the recommended range described by K/DOQI guidelines in HD patients, we conduct 
this study to assess their levels. 
Eighty HD patients in the HD unit at Al-Shifa hospital (41 male, 39 female; 
mean age 47.2+15.9 years) on HD for ≥ 12 months (mean+SD: 49.1 +38. months, 
range: 12–163 months) with mean HD frequency   ( 2.6 + 0.5 sessions weekly), were 
included in the study .  All patients were on phosphate binder (calcium carbonate), while 
55 patients were receiving vitamin D analogue (0.5 µg alfacalcidol daily), and the other 
25 patients were not.  Age and sex matched healthy control group were also included in 
the study. 
 5.1. Relationship between parathormone and calcium× phosphorus product, 
albumin- corrected serum calcium and serum phosphorus with gender 
among cases and controls  
 
It was shown that there were no statistically significant differences between 
males and females with regard to PTH, calcium × phosphate product, albumin- 
corrected serum calcium and phosphorus levels in case and control groups, which 
means that gender has no effect on the concentration of these parameters. These results 
are congruent with others who did not find any statistically significant differences 
between serum PTH, Ca × P products, serum total calcium and serum phosphorus, 
between males and females [107]. This may be explained by the fact that PTH secretion 
is not controlled by any other endocrine gland [18]. The major regulator of PTH 
secretion is the concentration of ionized calcium in blood, where PTH levels increase in 
response to decreased serum calcium and decrease in response to increased serum 
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calcium resulting in a close inverse relationship between PTH and calcium 
concentrations [108,109]. Also, high phosphate enhances parathyroid cell proliferation 
and PTH synthesis and secretion [110].  
 
5.2. Levels of  parathormone, calcium× phosphorus product, serum 
albumin, albumin- corrected serum calcium, and serum phosphorus among 
cases and controls 
The study showed statistically significant differences between case and control 
groups with regard to PTH, calcium × phosphate product and phosphorus, where their 
mean values were higher in cases, and serum albumin and ionized calcium, where their 
mean values were lower in cases. It was shown that there was no statistically significant 
difference between the two groups with regard to the mean of albumin-corrected serum 
calcium, where the values were in the recommended reference range, where it was 
found that with initiation of regular HD, the levels of serum total calcium usually 
normalize [111]. In advanced stages of CKD, the fraction of total calcium bound to 
complexes was increased [112], thus, free (ionized) calcium levels were decreased 
despite normal total serum calcium levels. 
Also, it was reported that impaired phosphate excretion, with the resulting 
hyperphosphatemia, is one of the earliest consequences of chronic renal failure. 
Hyperphosphatemia in turn plays an important role in the development of secondary 
hyperparathyroidism [113,114]. Moreover, phosphate retention leads to a decrease in 
serum free calcium levels, which in turn stimulates PTH secretion [115].             
 
Although, the value of serum albumin of the patients is in the accepted reference 
range, which indicate that the patients are maintained in a good nutrition state, as serum 
albumin levels have been used extensively to assess the nutritional status of individuals 
with and without chronic renal failure [116], the value of serum albumin in the case          
 group was less than that of the control group. It is known that about 6–10 g of amino 
acids is lost into the dialyzate during one session of HD with a low-flux membrane, and 
a loss of 1–2 g of albumin can be added if a high-flux membrane is used [117].  
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Concerning K/DOQI guidelines for mineral metabolism values in HD patients, 
the study revealed that 13.8%,32.5%, 41.3% and 22.5% and of the hemodialysis 
patients were in the range recommended by K/DOQI guidelines for PTH, Ca × P 
product, albumin-corrected serum calcium and serum phosphorus respectively. 
Only, 2.5% of the HD patients were within range for all the previously mentioned 
parameters. These results indicate that most of the HD patients are away from the 
recommended range. The percentage of  patients, who were in the recommended range, 
were less than that obtained in other studies [ 2, 102, 105], only, calcium levels were 
comparable to that obtained in (DOPPS I and DOPPS II) [104]. The explanation of 
these differences may be attributed to implementing different modalities in regulation of 
phosphorus and PTH in those countries, as using other  phosphate binders as, sevelamer 
hydrochloride, which is widely available in the USA and Europe for the treatment of 
hyperphosphatemia in patients with CKD [118] or lanthanum carbonate, which is the 
most recent non-calcium, non-aluminium phosphate binder to be developed for the 
treatment of hyperphosphatemia [119]. In addition, other vitamin D analogues as, 22-
oxacalcitriol [120], paricalcitol [121], or doxercalciferol [122], may be used for 
controlling PTH secretion with minimal hypercalcemia and hyperphosphatemia 
compared to calcitriol. Paricalcitol and doxercalciferol are currently available for clin- 
ical use in the USA [123]. Also, using of cinacalcet HCl, which is a new calcimimetic 
agent that act at the level of the CaR. Activation of this receptor by calcimimetics 
increases intracellular calcium concentration, which causes rapid reduction in PTH 
secretion, serum phosphorus levels and the Ca × P product, which remain suppressed 
for up to three years [124].   
 
The inability of the HD unit at Al-Shifa hospital in achieving a high percentage 
of patients in the range may be explained by many factors. 
Firstly, using calcium carbonate as a phosphate binder only. Moreover, the dose of 
calcium carbonate used may be less than that required for optimal effect. Secondly, 
using daily oral doses (0.5 µg) of the vitamin D analogue, alfacalcidol only for contr- 
olling PTH secretion, while most HD patients in the USA are now managed with thrice-
weekly intravenous doses of calcitriol or other vitamin D analogues [123].   
 
On the other hand, there were (42 patients, 52.5%) and (22 patients, 27.5%) 
receiving alfacalcidol, while their serum phosphorus and albumin- corrected serum 
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calcium were more than 5.5 mg/dl and more than 9.5 mg/dl, respectively. According to 
K/DOQI guidelines, alfacalcidol, should be discontinued when PTH levels decrease 
below target levels, or if calcium or phosphate levels increase above target levels. 
Moreover, parathyroidectomy, (subtotal or total), was not performed to the HD patients 
whose PTH values were more than 800 pg/ml (n=54, 67.5%) as indicated by K/DOQI 
guidelines; parathyroidectomy should be recommended in patients with severe 
hyperparathyroidism (persistent serum levels of intact PTH >800 pg/mL, associated 
with hypercalcemia and/or hyperphosphatemia that are refractory to medical therapy 
[125]. It was found that parathyroidectomy rates in U.S. HD patients increased between 
1998 and 2002. The annual incidence of parathyroidectomy was 6.8 per 1000 patient-
years in 1998 but, the rates increased progressively after 1998, reaching 11.8 per 1000 
patient-years in 2002[126].   
 
5.3.Averages of parathormone, (Calcium × phosphate) product, albumin-
corrected serum calcium and serum phosphorus among cases by duration of 
hemodialysis 
In studying the effect of duration of HD on the levels of PTH, Ca × P product, albumin-
corrected serum calcium and phosphorus, it was found that there were no statistically 
significant differences in the levels of Ca × P product, albumin-corrected serum calcium 
and phosphorus in the group on HD for < 48 months and the group on HD for ≥ 48 
months. Conversely, the difference in PTH levels was statistically significant, where it 
was higher in the group on HD for ≥ 48 months, which indicates that the parathyroid 
glands activity was in a positive correlation with the duration of HD. This result is 
supported by other study that  found a significant positive correlation of serum PTH 
with HD duration [107]. Also, an increase in PTH was found with time on dialysis, an 
increase that is significant even after adjusting for calcium and phosph- orus 
concentration [127]. The explanation of this result may be due to that the parathyroid 
glands were more activated due to the continuous state of stimulation due to persistent 
hyperphosphatemia and consequently, low concentration of ionized calcium. High 
phosphate enhances parathyroid cell proliferation and PTH synthesis and secretion 
directly and indirectly through both a reduction in serum calcitriol and ionized calcium 
levels [110].     
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5.4.Averages of parathormone, (Calcium × phosphate) product, albumin-
corrected serum calcium and serum phosphorus among cases by frequency 
of hemodialysis 
 
Concerning the frequency of HD, the results of the study revealed that there 
were no statistically significant differences between the averages of PTH, Ca × P 
product, albumin-corrected serum calcium and serum phosphorus of cases on HD 2 
sessions weekly and of those on HD 3 sessions weekly. It was observed that the values 
of PTH, Ca × P product and serum phosphorus were highly elevated in both groups, and 
both were away from the recommended ranges. Only, albumin-corrected serum calcium 
levels were in the range. 
 
It seems that both of 2 sessions or 3 sessions a week were inadequate for 
maintaining the levels of PTH, Ca × P product and serum phosphorus to be in the 
recommended ranges. Results from clinical trials using daily HD strongly suggest that 
thrice-weekly HD regimens are only marginally adequate for achieving weekly 
phosphorus balance in many patients with ESRD [123]. Because of the kinetics of 
phosphate, increasing the frequency of dialysis sessions more effectively removes 
phosphate than increasing time of individual dialysis sessions [128,129]. Alternative 
dialysis regimens, such as daily nocturnal HD and short-duration HD done 6 days per 
week, provide much better control of serum phosphorus concentrations than 
conventional thrice-weekly HD [130]. It was reported that the results of this approach 
are sufficiently striking that it has been described as “dialysis for the next century” 
[131].    
 
  5.5. Relationship between parathormone with albumin- corrected serum 
calcium, and with phosphorus among cases 
The study revealed that the correlation between the PTH with albumin-corrected 
serum calcium among cases was weak, inverse and statistically not significant. This 
result is similar to that obtained by others who demonstrated  that serum PTH was not 
related to total serum calcium [132]. Also, some of the recent studies [133]  did not find 
a relationship between elevated serum levels of PTH observed in CKD patients with 
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different levels of GFR and the levels of serum calcium, which were within the normal 
range independent of the stage of kidney disease. 
Also, the present study revealed that the correlation between PTH with serum 
phosphorus among cases was weak, positive and at the border of statistical significance. 
This result is close to that obtained by others, who demonstrated that serum PTH was 
positively correlated with serum phosphorus [132]. It was found that PTH did not 
correlate with total calcium, and the correlation between PTH and serum phosphorous 
was of borderline significance [134].      
      
  The weak correlation between serum PTH and serum phosphorus may denotes 
that the increase in serum phosphorus results in the increase of PTH levels among cases, 
but the effect of phosphorus on the parathyroid glands is weak, which may suggest that 
some patients may had tertiary hyperparathyroidism. 
 
5.6. Relationship between vitamin D analogue, (alfacalcidol),  with 
parathormone, calcium× phosphorus product, albumin- corrected serum 
calcium and serum phosphorus among cases 
 
It was shown in the study that there were no statistically significant differences 
between the averages of PTH, Ca × P product, albumin-corrected serum calcium and 
serum phosphorus of cases supplied with oral vitamin D analogue (alfacalcidol, 0.5µg) 
daily and those not supplied with it. It was observed that the values of PTH, Ca × P 
product and serum phosphorus were highly elevated in both groups, and both were 
away of the recommended ranges. Only, albumin-corrected serum calcium levels were 
close to the range. 
It seems that the use of, alfacalcidol, for controlling PTH levels in hemodialysis 
patients is inadequate, may be, the dose is low , as the K/DOQI recommended doses of  
calcitriol ranges from 0.5 to 7.0 µg per HD session depending on the levels of PTH, 
calcium and phosphorus in the serum of HD patients. The dose given to the patients, 
may be, just sufficient to control serum calcium levels, but insufficient to control PTH 
levels. It was found that up to half of patients with sever secondary hyperparathyroidism 
showed little or no decline in plasma PTH levels with vitamin D therapy [135]      
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Also, a resistance to the action of the drug on the parathyroid glands, caused by 
persistent hyperphosphatemia may be developed, where hyperphosphatemia is associ- 
ated with resistance to the actions of calcitriol on the parathyroid glands, which leads to 
increased PTH secretion [136]      
 
5.7. Relationship between parathormone and calcium × phosphorus product 
with serum urea and creatinine among cases. 
 
The study showed no statistically significant correlation between PTH with eith- 
er serum urea or creatinine which indicates that the secretion of the PTH is independent 
of the effect of serum urea or creatinine, as mentioned previously, that the major regul- 
ator of PTH secretion is the concentration of ionized calcium in blood. 
 
It was shown, also, that the correlation between Ca × P product with serum urea 
was not statistically significant, while the correlation with serum creatinine was 
statistically significant. This, may be attributed to the HD process itself. According to 
the laws of diffusion, the larger the molecule, the slower its rate of transfer across the 
membrane of the HD machine. A small molecule such as urea (60 Da) undergoes subst- 
antial clearance, whereas a larger molecule such as creatinine (113 Da) is cleared less 
efficiently [83].   
 
With respect to phosphate, during HD, serum phosphate drops rapidly in the first 
one to two hours of the treatment and then it reaches a plateau. The amount of 
phosphate removed decreases significantly in the second half of the dialysis. It has also 
been well documented that serum phosphate concentration rises relatively quickly in the 
first few hours after termination of dialysis (rebound phenomenon) [137,138]. So, both 
serum creatinine and serum phosphate remain relatively high despite the HD, and the 






 5.8. Relationship between parathormone and calcium × phosphate product 
with age of cases 
 
The study revealed that there were no correlation between PTH or calcium × 
phosphate product with age. These results do not agree with others who found inverse 
correlations of age with serum PTH and serum phosphorus [107]. Conversely, an 
increase of PTH levels with age was reported in some studies [139]. These differences 
may be attributed to differences in the HD regimens applied.  
 
5.9. Relationship between parathormone and calcium × phosphate product 
with BMI of cases 
 
The study revealed that the average of BMI was 25.5 + 6.7 kg/m2 among cases, 
which suggest that most of the HD patient were in a good nutrition state, and this was 
confirmed earlier as indicated by the level of serum albumin. 
The value of BMI recorded was higher than that recorded in a group on HD who were  
classified as having severe secondary hyperparathyroidism, where it was 23 + 5.5 kg/m2 
[134]. 
BMI is an anthropometric measure frequently used to assess nutritional status in 
HD patients. ESRD patients treated with HD with higher BMI have increased survival 
over a 1-year period [140-144]. In the general population, patients with lower BMI 
usually have increased survival [140,141,145]. Further research is needed in this area to 
explain the reasons for the differences between the findings in the general population 
and ESRD patients. It was found that HD patients with BMI between 25 and 29.9 had 
the best survival [146]. Also, the study revealed that there was no correlation between 
PTH with BMI, but the correlation between calcium × phosphate product with BMI was 
at the border of statistical significance. Our results differ from that obtained in a 
population based, cross- sectional study, where it was found that, for serum calcium and 
PTH there was a significant positive relation to BMI in both genders [147]. However, it 
was found that there was no association between BMI and calcium intake in women, 
whereas a positive and significant association was found in men[148]. The differences 
may be attributed to the severity of hyperparathyroidism encountered in some of our 
patients. 
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5.10. Relationship of hemodialysis with bone and cardiovascular diseases 
among cases 
 
The study revealed that 37 (46.3%) and 18 (22.5%) of  the HD patients were 
complaining of bone and cardiovascular diseases, respectively. It was shown that PTH 
is a major uremic toxin [149,150], and may be responsible for long-term consequences 
that include renal osteodystrophy, severe vascular calcification, alterations in cardiova- 
scular structure and function, immune dysfunction, and anemia. These adverse effects  
may contribute to an increased risk of cardiovascular morbidity and mortality among 
ESRD patients [149-152]. 
 
The study revealed that there were a significant relationship between the 
duration of HD and bone diseases. Renal bone disease starts early in the course of 
chronic renal failure and progresses as the kidney function deteriorates. In the 
immediate predialysis period, almost all patients have abnormal bone histologies [153]. 
Bone disease in patients with chronic renal failure is usually asymptomatic, thus 
symptoms appear late in the course of renal osteodystrophy [154].  
  
It was shown in the study, that there was no statistically significant difference of 
the percentage of HD patients who are on hemodialysis 2 sessions weekly and those on 
hemodialysis 3 sessions weekly. This may be due to establishment of bone disease long 
before starting dialysis treatment. Bone derangement and vascular calcifications are 
difficult to reverse when established, which mandates early management of secondary 
hyperparathyroidism and consideration of factors involved in the activity of the 
parathyroid glands [150]    
 
Considering the cardiovascular disease, the study revealed that the percentage of 
HD patients complaining of cardiovascular diseases on HD for < 48 months (24.5%) 
were more than those on HD for ≥ 48 months (19.4%), but the difference was not 
statistically significant. This difference may be attributed to increased mortality with the 
increase in the duration of HD. Cardiovascular disease accounts for more than 50% of 
deaths among persons with ESRD, and the annual cardiovascular mortality rate is more 
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than an order of magnitude greater than in the non-ESRD population, especially among 
younger (<70 years) individuals [155].    
 
Recent evidence has shown a high prevalence of coronary artery calcifications in 
the ESRD population, and they probably play a major role in the high cardiac morbidity 
and mortality rates. Coronary artery calcifications are much more common and more 
severe in patients on HD than in subjects without renal failure [156,157]. Most studies 
have found correlations of calcifications with uncontrolled hyperphosphatemia, an incr- 
eased calcium × phosphate product and years on dialysis [158,159].  
 
Also, the study revealed that there was a statistically significant difference (P= 0.006) in 
the percentage of cases on HD 2 sessions weekly (6.5%), and those on HD 3 sessions 
weekly (32.7%). This difference may indicate, who much the increasing of HD sessions 
is important for the survival of HD patients. It is known that hyperphosph- atemia is 
associated with development of hyperparathyroidism, renal osteodystrophy and increa- 
sed morbidity and mortality [27]. So, controlling serum phosphorus is very important 
for the HD patients, and this was achieved with other modalities as increasing HD 
sessions. Indeed, most patients undergoing nightly HD maintain normal serum phosph- 
orus concentrations without ongoing treatment with phosphate-binding agents [130].     
 





















1- K/DOQI guidelines for mineral metabolism in hemodialysis patients were 
satisfied in only a small proportion of patients. 
2- The majority of  hemodialysis patients have highly elevated serum PTH and 
phosphorus levels that suggest that some of the patients have severe secondary 
hyperparathyroidism or more severely, tertiary hyperparathyroidism. 
3- There was a marked increase in serum PTH levels with the increase of hemo-  
dialysis duration. 
4- There were no differences between the averages of PTH, calcium × phosphate 
product, albumin-corrected serum calcium and serum phosphorus of patients on 
hemodialysis 2 sessions weekly and of those on hemodialysis 3 sessions weekly. 
Only, albumin-corrected serum calcium levels were in the range, while the 
others were highly elevated in both groups. 
5- There were no differences between the averages of PTH, calcium × phosphate 
product, albumin-corrected serum calcium and serum phosphorus of patients 
receiving oral vitamin D analogue (alfacalcidol, 0.5 µg) daily and those not rece- 
iving it. Only, albumin-corrected serum calcium levels were close to the range, 
while the others were highly elevated in both groups. 
6- There was no correlation between PTH with albumin-corrected serum calcium, 
but the correlation between PTH with serum phosphorus was at the border of 
statistical significance in the hemodialysis patients.. 
7- There were no correlations between PTH with either serum urea or creatinine. 
Also, there was no correlation between calcium × phosphate product with serum 
urea, but the correlation with serum creatinine was statistically significant. 
8- There were no correlations between PTH or calcium × phosphate product with 
both of age or BMI of hemodialysis patients. 
9- Many hemodialysis patients are complaining of bone and/or cardiovascular dise- 
ases. There was a statistically significant relationship between the duration of  
hemodialysis and bone disease. 
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10- The highly unsatisfactory results achieved in the study may be due to not impl- 
ementing K/DOQI guidelines at HD unit, poor patient compliance and/or the 
ineffectiveness of available treatments. 
 
6.2 Recommendations  
 
1- Periodic monitoring of serum PTH ,calcium and phosphorus of the hemodialysis 
patients, and this require supplying the central laboratory with the necessary kits, 
particularly PTH kits. 
 
2- Raising awareness of CKD and K/DOQI guidelines among renal physicians, the 
staff dealing with hemodialysis patients and the patients. 
 
3-  Conducting clinical trials to explore the impact of applying new methods and 
strategies of controlling calcium and phosphorus metabolism and of controlling 






















KDOQI : http://www.kidney.org/professionals/KDOQI. accessed on 5/2007 
2 Mingxin W., Taskapan H., Esbaei K., et al.2006. K/DOQI guideline requirem- 
ents for calcium, phosphate, calcium×phosphate product and parathyroid 
hormone control in dialysis patients: can we achieve them? Int Uro Nephrol; 
Vol.38,n°3-4, pp:739-743. 
 
3 Dennis L., Anthony S., Dan L., et al.2005. Harrison΄s principles of internal 
medicine, 16th ed. 1645-1653. 
 
4 Dennis L., Anthony S., Dan L., et al.2005. Harrison΄s principles of internal 
medicine, 16th ed. 1654-1663. 
 
5 National Kidney Foundation. K/DOQI clinical practice guidelines for chronic 
kidney disease: evaluation, classification, and stratification.2002.Am J Kidney 
Dis; 39(2 Suppl 1):S1-266. 
 
6 Byrnes CA., Shepler BM.2005. Cinacalcet- A new treatment for secondary 
hyperparathyroidism in patients receiving hemodialysis. Pharmacotherapy; 
25(5):709-716. 
 
7 Slatopolsky E., Delmez JA.1996. Pathogenesis of secondary hyperparathyr- 
oidism. Nephrol Dial Transplant; 11:130-135. 
 
8 Goodman WG., Coburn JW., Salusky IB., Slatopolsky E.1999. Renal 
osteodystrophy in adults and children. In: Favus MJ, ed. Primer on the metabolic 
bone diseases and disorders of mineral metabolism. Williams & Wilkins, 
Philadelphia: 347-363. 
 
9 Michael G., Linda F., Mary Cushman., et al.2005. Cardiovascular mortality risk 
in chronic kidney disease, comparison of traditional and novel risk factors. 
JAMA;293:1737-1745. 
 
10 Goodman WG., Goldin J., Kuizon BD., et al.2000. Coronary-artery calcification 
66
in young adults with end-stage renal disease who are undergoing dialysis. N Engl 
J Med;342:1478-83. 
11 Lawrence M., Maxine A., Stephen J.2003.Current Medical Diagnosis and 
Treatment,42nd ed. Lange Medical Books :867-902. 
 
12 Hemodialysis: http://www.medterms.com/script/art.asp? Accessed on 5/2007. 
 
13 Abu Shahla Ali FM. 2003. Impacts of Intifada on renal services. Saudi J Kidney 
Dis Transplant;14:1-4. 
 
14 Hemodialysis Services: http://www.moh.gov.ps/index. accessed on 6/2007. 
 
15 Alan H., Donald M., Janet R. 1988. Varley΄s Practical Clinical Biochemistry,6th 
ed. 601-621. 
 
16 Larsen P., Henry M., Kenneth S., shlomo M. 2003. Williams Textbook of 
Endocrinology,10th ed. USA,1303-1371. 
 
17 Catherine M. Clase, David N. Churchill, Geoffrey L. Norman, Mary Louise 
Beecroft. 2000. Albumin-corrected calcium and ionized calcium in stable 
hemodialysis patients. Nephrol Dial Transplant; 15: 1841-1846. 
 
18 Joan F., Peter R., Philip D. 1988. Clinical Chemistry in Diagnosis and Treatment, 
5th ed. 172-199. 
 
19 Lisa N. 2005. Electrolytes and fluid management in hemodialysis and peritoneal 
dialysis. Nutr Clin Prac; 20: 192-201. 
 
20 Brown EM., Hebert SC., Pollak M. 1998. The extracellular calcium-sensing 
receptor: its role in health and disease. Annu Rev Med; 49: 15-29. 
 
21 Ramirez JA., Goodman WG., Gornbein J., et al. 1993. Direct in vivo comparison 
of calcium-regulated parathyroid hormone secretion in normal volunteers and 
patients with secondary hyperparathyroidism. J Clin Endocrinol Metab; 76: 
1489-1494. 
 
22 Brown EM. 1993. Mechanisms underlying the regulation of parathyroid hormone 
67
secretion in vivo and in vitro. Curr Opin Nephrol Hypertens; 2: 541-551. 
23 Parfit AM. 1997. The hyperparathyroidism of chronic renal failure: a disorder of 
groth. Kidney Int; 52: 3-9. 
 
24 Schrier RW. 1997. Diseases of the kidney, 6th ed Boston, MA: Little. Brown. 
 
25 Moallem E., Kilav R., Silver J., Naveh. 1998. Many T. RNA-protein binding and 
post-transcriptional regulation of parathyroid hormone gene expression by 
calcium and phosphate. J Biol Chem; 273: 5253-5259. 
 
26 Llach F., Yudd M. 1988. The importance of hyperphosphatemia in the severity of 
hyperparathyroidism and its treatment in patients with chronic renal failure. 
Nephrol Dial Transplant; 13: 57-61. 
 
27 Block GA., Hulbert-Shearon TE., Levin NW., Port FK. 1998. Association of 
serum phosphorus and calcium × phosphorus product with mortality risk in 
chronic hemodialysis patients: a national study. Am J Kidney Dis; 31: 607-617. 
 
28 Ganesh SK., Hulbert-Shearon T., Levin NW., Port FK., Stack AG. 2001. 
Association of elevated serum PO4, Ca × PO4 product, and parathyroid hormone 
with cardiac mortality risk in chronic hemodialysis patients. J Am Soc Nephrol; 
12: 2131-2138. 
 
29 Llach F. Calcification: Dealing with another risk factor in patients with renal 
failure.1999. Semin Dial;12:293-295. 
 
30 Vinay K., Ramzi S., Stanley L. 2003. Robbins basic pathology, 7th ed. 738. 
 
31 Arnold A., Gardella RJ., Horst SA., et al.1990. Mutation of the signal peptide-
encoding region of the preproparathyroid hormone gene in familial isolated 
hypoparathyroidism. J Clin Invest; 86: 1084-1087. 
 
32 Hashizume Y., Waguri S., Watanabe T., et al. 1993. Cycteine proteinases in rat 
parathyroid cells with special reference to their correlation with parathyroid 
hormone (PTH) in storage granules. J Histochem Cytochem; 41: 273-282. 
 
68
33 Flueck JA., DiBella FP., Edis AJ., et al. 1977. Immunoheterogeneity of  
parathyroid hormone in venous effluent serum of hyperfunctioning parathyroid 
glands. J Clin Invest; 69: 1367-1375. 
 
34 Mayer GP., Keaton JA., Hurst JG., et al. 1979. Effects of plasma calcium 
concentration on the relative proportion of hormone and carboxyl fragments in 
parathyroid venous blood. Endocrinology; 104: 1778-1784. 
 
35 Friedman PA., Gesek FA. 1993. calcium transport in renal epithelial cells. Am J 
Physiol;264: F181-F198. 
 
36 Bourdeau JE. 1993. Mechanisms and regulation of calcium transport in the 
nephron. Semin Nephrol; 13: 191-201. 
 
37 Friedman PA., Gesek FA. 1995. Cellular calcium transport in renal epithelia: 
measurement, mechanisms and regulation. Physiol Rev; 75: 429-471. 
 
38 Brown EM., Hebert SC., Pollak M.1998.The extracellular calcium-sensing 
receptor: its role in health and disease. Ann Rev Med;49:15-29. 
 
39 Hemmingsen C., Lewin E., Staun M., et al.1996.Effect of PTH on renal 
calbindin-D28K.J Bone Miner Res;11:1086-1093. 
 
40 Bouhtiauy I., LaJeunesse D., Brunette MG.1991.The mechanism of PTH action 
on calcium reabsorption by the distal tubule.Endocrinology;128:251-258. 
 
41 Tenenhous HS.1997.Cellular and molecular mechanisms of renal phosphate 
transport. J Bone Miner Res;12:159-164. 
 
42 Lotscher M.,Scarpetta Y., Levi M., et al.1999. Rapid down regulation of rat renal 
Na/p(i) cotransporter in response to parathyroid hormone involves microtubule 
rearrangement. J Clin Invest;104:483-494. 
 
43 Kilav R., Silver J., Biber J., et al.1995. Coordinate regulation of rat renal 
parathyroid hormone receptor mRNA and Na-Pi cotransporter mRNA and 
protein. Am J physiol;268:F1017-F1022. 
 
69
44 Murayama A., Takeyama K., Kitanaka S., et al.1999. Positive and negative 
regulations of the renal 25-hydroxyvitamin D3 1α-hydroxylase gene by 
parathyroid hormone, calcitonin, and 1α,25(OG)2D3 in intact animals. 
Endocrinology;140:2224-2231. 
 
45 Wang MS., Kurokawa K.1984. Renal gluconeogenesis: axial and inter nephron 
heterogeneity and the effect of parathyroid hormone. Am J Physiol;246:F59-F66. 
46 Canalis E., Centrella M., Burch W., et al.1989. Insulin-like growth factor 1 
mediates selective anabolic effects of parathyroid hormone in bone cultures. J 
Clin Invest;83:60-65. 
 
47 Dobnig H., Turner RT.1995. Evidence that intermittent treatment with 
parathyroid hormone increases bone formation in adult rats by activation of bone 
lining cells. Endocrinology;136:3632-3638. 
 
48 Bellows CG., Ishida H., Aubin JE., et al.1990. Parathyroid hormone reversibly 
suppresses the differentiation of osteoprogenitor cells into functional osteoblasts. 
Endocrinology;127:3111-3116. 
 
49 Tintut Y., Farhad P., Le V., et al.1999. Inhibition of osteoblast-specific 
transcription factor Cbfa 1 by the cAMP pathway in osteoblastic cells. J Biol 
Chem;274:28875-28879. 
 
50 Suda T., Takahashi N., Udagawa N., et al.1999. Modulation of osteoclast 
differentiation and function by the new members of the tumor necrosis factor 
receptor and ligand families. Endor Rev;20: 345-357. 
 
51 Hofbauer LC., Heufelder AE.2000. The role of receptor activator of nuclear 
factor-kB ligand and osteoprotegerin in the pathogenesis and treatment of 
metabolic bone diseases. J Clin Endocr Metab;85:2355-2363. 
 
52 Yao G-Q., Sun B., Hammond EE., et al. 1998. The cell-surface form of colony-
stimulating factor-1 is regulated by osteotropic agents and supports formation of 
multinucleated osteoclast-like cells. J Biol Chem;273: 4119-4128. 
 
53 Horwood NJ., Elliott J., Martin TJ., et al.1998. Osteotropic agents regulate the 
70
expression of osteoclast differentiation factor and osteoprotegerin in osteoblastic 
stromal cells. Endocrinology;139: 4743-4746. 
 
54 Silver J., Russell J., Sherwood LM.1985. Regulation by vitamin D metabolites of 
messenger ribonucleic acid for preproparathyroid hormone in isolated bovine 
parathyroid cells. Proc Natl Acad  Sci USA;82:4270-4273. 
 
55 Naveh-Many T., Friedlaender MM., Mayer H., et al.1989. Calcium regulates 
parathyroid hormone messenger ribonucleic acid, but not calcitonin mRNA in 
vivo in the rat. Dominant rdle of 1,25-dihydroxyvitamin D. Endocrinology; 
125:275-280. 
 
56 Yamamoto M., Igarashi T., Muramatsu M., et al.1989. Hypocalcemia increases 
and hypercalcemia decreases the steady state level of parathyroid hormone 
messenger ribonucleic acid in the rat. J Clin Invest;83:1053-1058. 
 
57 Russell J., Sherwood LM.1987. The effect of 1,25(OH)2D3 and high calcium on 
transcription of the preproparathyroid hormone gene are direct. Trans Assoc Am 
Physicians;100:256-262. 
 
58 Sela-Brown A., Silver J., Brewer G., et al.2000. Identification of AUF1 as 
parathyroid hormone mRNA3-untranslated region-binding protein that 
determines parathyroid hormone mRNA stability. J Biol Chem;275:7424-7429. 
 
59 Hawa NS., O΄Riordan JLH., Farrow SM.1993. Post- transcriptional regulation of 
bovine parathyroid hormone synthesis. Mol Endocrinol;10:43-49. 
 
60 Almaden Y., Canalejo A., Hernandez A., et al.1996. Direct effect of phosphorus 
on PTH secretion from Whole rat parathyroid glands in vitro. J Bone Miner 
Res;11:970-976. 
 
61 Kilav R., Naveh-Many T., Silver J.1995. parathyroid hormone gene expression in 
hypophosphatemic rats. J Clin Invest;96:327-333. 
 
62 Roluleau MF., Warshawsky H., Goltzman D.1986. Parathyroid hormone binding 
in vitro to renal, hepatic, and skeletal tissues of the rat using a radioautographic 
71
approach. Endocrinology;118:919-931. 
63 Segre GV., D΄Amour P., Potts JT Jr.1976. Metabolism of radioiodinated bovine 
parathyroid hormone in the rat. Endocrinology;99:1645-1652. 
 
64 Hilpert J., Nykjaer A., Jacobsen C., et al.1999. Megalin antagonizes activation of 
the parathyroid hormone receptor. J Biol Chem;274:5620-5625. 
 
65 Martin KJ., Hruska KA., Freitag J.J., et al. 1979. The peripheral metabolism of 
parathyroid hormone. N Engl J Med;302:1092-1098. 
 
66 Dennis L., Anthony S., Dan L., et al.2005. Harrison΄s principles of internal 
medicine,16th ed.2250-2268. 
 
67 http://en.wikipedia.org/wiki/Vitamin_ D#cite_ref-FactD_0-0. 
 
68 Norman., Anthony W.1998. Sunlight, season, skin pigmentation, vitamin D, and 
25-hydroxyvitamin D:integral components of the vitamin D endocrine system. 
Am J Clin Nutr;67:1108-10. 
 
69 MacLaughlin JA., Snderson RR., Holick MF.1982. Spectral character of sunlight 
modulates photosynthesis of previtamin D3 and its photoisomers in human skin. 
Science28;216(4549):1001-3. 
 
70 Holick MF.2004. Sunlight and vitamin D for bone health and prevention of 
autoimmune diseases, cancers, and cardiovascular disease. AM J Clin 
Nutr;80(6):1678S-1688S. 
 
71 http://vitamind.ucr.edu/about.html last modified 7/2004. Accesse on 5/2008. 
 
72 Vitamin D. The Physicians Desk Reference. Thompson Healthcare.2006. 
 
73 Rachez C., Freedman LP.2000. Mechanism of gene regulation by vitamin D 
receptor-a network of coactivator interactions. Gene;246:9-21. 
 




75 http://en.wikipedia.org/wiki/Vitamin_D. Accessed on 6/2008. 
 
76 Grant WB., Holick MF.2005. Benefits and requirements of vitamin D for optimal 
health: a review. Altern Med Rev;10(2):94-111. 
 
77 Melamed ML., Muntner P., Michos ED., et al.2008. Serum 25-hydroxyvitamin D 
levels and the prevalence of peripheral arterial disease. Results from NHANES 
2001 to 2004.  
 
78 Travera-Mendosa, Luz E., White John H. 2007. Cell defenses and the sunshine 
vitamin. Scientific American. 
 
79 Abdullah M., EL-Nahas A. Renal osteodystrophy: Review of the disease and its 
treatment. Saudi J Kidney Dis Transplant;17(3):373-382. 
 
80 Elaine N.2003. Essentials oh Human Anatomy and Physiology,7th ed.USA:479-
501. 
 
81 Mader S.2004. Mader Understanding Human Anatomy& Physiology,5th ed. 323-
340. 
82 Guyton Arther C., Hall John E. 2006. Text Book of Medical Physiology.11th ed. 
Elsevier Saunders.Chapt31: 402-415. 
 
83 Dennis L., Anthony S., Dan L., et al.2005. Harrison΄s principles of internal 
medicine,16th ed.1664-1667. 
 
84 Stein I., Josef C., Brad C., et al.2006. International comparison of the relationship 
of chronic kidney disease prevalence and ESRD risk.JASN;17:2275-2284. 
 
85 Elizabeth Selvin., Josef Coresh., Lesley A., et al.2007. Prevalence of chronic 
kidney disease in the United States. JAMA;298(17):2038-2047. 
 
86 Moeller S., Gioberge S., Brown G. 2002. ESRD patients in 2001: global 
overview of patients, treatment modalities and development trends. Nephrol Dial 
Transplant;17: 2071-2076. 
 
87 Stengel B., Couchoud C. 2006. Chronic kidney disease prevalence and treated 
end-stage renal disease incidence: A complex relationship. J Am Soc 
73
Nephrol;17:2094-2096. 
88 Grassmann A., Gioberge S., Moeller S., Brown G. 2005. ESRD patients in 2004: 
global overview of patient numbers and associated trends. Nephrol Dial 
Transplant;20(12): 2587-93. 
 
89 Abdallah S., Ahmad A., Ajlouni K., Batieha A. 2007. Diabetes mellitus: the 
leading cause of hemodialysis in Jordan. Eastern Mediterranean Health J;13(4). 
 
90 Buargub Mahdia A. 2008. 5-year mortality in hemodialysis patients: A single 
center study in Tripoli. Saudi J Kidney Dis Transplant;19:268-273. 
 
91 Mazdeh M., Norouzi S., Rouchi A., et al.2007. Renal replacement therapy in 
Iran. Urol J;4:66-70. 
 
92 Slatopolsky E., Delmez JA.1994. Pathogenesis of secondary hyperparathyroidi- 
sm. Am J Kidney Dis; 23:229-236. 
93 Beto JA., Bansal VK. 2004. Medical nutrition therapy in chronic kidney failure: 
integrating clinical practice guidelines. J Am Diet Assoc;104:404-409.  
 
94 Slatopolsky Weerts C., Lopez-Hilker S., Norwood K., et al.1986. Calcium 
carbonate as a phosphate binder in patients with chronic renal failure undergoing 
dialysis. N Engl J Med;315:157-61. 
95 Chertow GM., Burke SK., Lazarus JM., et al.1997. Poly(allylamine 
hydrochloride) (RenaGel): A noncalcemic phosphate binder for the treatment of 
hyperphosphatemia in chronic renal failure. Am J Kidney Dis;29:66-71. 
96 Freemont AJ. 2006. Lanthanum carbonate. Drugs Today (Barc);42:759-70. 
 
97 Narula A.S., Jairam A., Baliga K.V., Singh K.J. 2007. Pathpgenesis and 
management of renal osteodystrophy. Ind J Nephrol;17(4):150-159. 
 
98 National Kidney Foundation. K/DOQI clinical practice guidelines for bone 
metabolism and disease in chronic kidney disease. 2003. Am J Kidney 
Dis;42:S1-201. 
99 Bacchini G., Fabrizi F., Pontoriero G., et al. 1997. ‘Pulse oral’ versus intravenous 
calcitriol therapy in chronic hemodialysis patients: A prospective and 
randomized study. Nephron;77:267-72. 
100 Goodman WG. 2002. Calcimimetic agents and secondary hyperparathyroidism: 
treatment and prevention. Nephrol Dial Transplant; 17:204-207. 
101 Wada M., Nagano N., Furuya Y., et al. 2000. Calcimimetic NPS R-568 prevents 
parathyroid hyperplasia in rats with severe secondary hyperparathyroidism. 
Kidney Int; 57:50-58. 
74
102 Al Aly Ziyad, Esther A., Gonzalez., et al.2004. Achieving K/DOQI laboratory 
target values for bone and mineral metabolism: An Uphill Battle. Am J 
Nephrol;24:422-426. 
 
103 Arici M., Kahraman S., Genctoy G., et al. 2006. Association of mineral 
metabolism with an increase in cellular adhesion molecules: another link to 
cardiovascular risk in maintenance haemodialysis? Nephrol Dial Transplant; 
21(4):999-1005. 
 
104 Young Eric W., Akiba T., Albert Justin M., et al. 2004. Magnitude and impact of 
abnormal mineral metabolism in hemodialysis patients in the dialysis outcomes 
and practice patterns study (DOPPS). Am J Kidney Dis;44(S2):S34-S38. 
 
105 Norra MacReady.2007. Mortality, hospitalization lower when KDOQI targets 
reached. The Medscape Journal European Renal Association- European Dialysis 
and Transplantation Association 44th Congress. 
 
106 Lenz O., Mekala Durga P., Patel Daniel V., Fornoni A., et al. 2005. Barriers to 
successful care for chronic kidney disease.BMC Nephrol;6:11. 
 
107 Nasri H., Kheiri S.2008. Effects of Diabetes mellitus, Age and duration of 
dialysis on parathormone in chronic hemodialysis patients. Saudi J Kidney Dis 
Transplant;19(4):608-613. 
 
108 Endres DB.,Villanueva R.,Sharp CF Jr,Singer FR. 1989. Measurement of 
parathyroid hormone. Endocrinol Metab Clin North Am; 18: 611-629. 
 
109 Marcus R.1989. Laboratory diagnosis of primary hyperparathyroidism. 
Endocrinol Metab Clin North Am; 18: 647-658. 
 
110 Cozzolino M., Dusso A., Slatopolsky E. 2001. Role of calcium-phosphate 
product and bone- associated proteins on vascular calcification in renal failure. J 
Am Soc Nephrol;12: 2511-2516. 
 
111 http://www.kidney.org/professionals/KDOQI/guidelines_bone/Guide6.htm2003. 
Accecessed on 6/2008. 
75
 
112 Wasler M.1962. The separate effects of hyperparathyroidism, hypercalcemia of 
malignancy, renal failure and acidosis on the state of calcium phosphate and 
other ions in plasma. J Clin Invest; 41:1454-1464. 
 
113 Ritz E., Matthias S., Seidel A., Reichel H., et al. 1992. Disturbed calcium 
metabolism in renal failure-pathogenesis and therapeutic strategies. Kidney Int; 
42(38):S37-S42. 
 
114 Llach F., Bover J.1996. Renal osteodystrophy In: Brenner BM. (editor), the 
Kidney (vol 2), Philadelphia, W.b. Saunders Company: pp2187-2203. 
 
115 Drueke TB.1995. The pathogenesis of parathyroid gland hyperplasia in chronic 
renal failure. Kidney Int; 48(1):259-72. 
 
116 Blumenkrantz MJ., Kopple JD., Gutman RA., Chan Yk., Barbour GL., Coburn 
JW., Curtis FK., Gandhi VC., Roberts C., Shen FH., and Tucker CT. 1980. 
Methods for assessing – nutritional status of patients with renal failure. Am J 
Clin Nutr;33:1567-1585. 
117 Ikizler TA., Flakoll PJ., Hakim RM., parker RA. 1994. Amino acid and albumin 
losses during hemodialysis. Kidney  Int; 46:830-837. 
 
118 Hutchison AJ. 2004. Improving phosphate-binder therapy as a way forward. 
Nephrol Dial Transplant;19 Suppl 1: i19- i24. 
 
119 Hutchison AJ., Speake M., Al-Baaj F. 2004. Reducing high phosphate levels in 
patients with chronic renal failure undergoing dialysis: a 4-week, dose-finding, 
open-lable study with lanthanum carbonate. Nephrol Dial Transplant; 
19(7):1902-6. 
 
120 Tsukamoto Y., Hanaoka M., Matsuo T., et al. 2000. Effects of 22-oxacalcitriol on 
bone histology of hemodialyzed patients with severe secondary 
hyperparathyroidism. Am J Kidney Dis;35(3):458:64. 
 
121 Llach F, Yudd M.2001. Paricalcitol in dialysis patients with calcitriol-resistant 
secondary hyperparathyroidism. Am J Kidney Dis;38(5): 45-50. 
 
76
122 Salusky IB.2005. Are new vitamin D analogues in renal bone disease superior to 
calcitriol. Pediatr Nephrol; 20(3):393-8. 
 
123 Goodman W. 2003.Medical management of secondary hyperparathyroidism in 
chronic renal failure. Nephrol Dial Transplant;18:III2-III8. 
 
124 Urena Torres P. 2004. Clinical experience with cinacalcet HCl. Nephrol Dial 
Transplant;19 Suppl 5:V27-33. 
 
125 http://www.kidney.org/professionals/KDOQI/guidelines_bone/Guide14.htm.
 Accessed on 6/2008. 
 
126 Robert N.Foley, Suying Li., Jiannong Liu.,et al. 2005. The Fall and Rise of 
Parathyroidectomy in U.S. Hemodialysis Patients, 1992 to 2002. J Am Soc 
Nephrol; 16:210-218. 
 
127 Chertow GM., Plone M., Dillon MA., Burke SK, Slatapolsky E. 2000. 
Hyperparathyroidism and dialysis vintage. Clin Nephrol; 54:295-300. 
 
128 Pohlmeier R., Vienken J. 2001. Phosphate removal and HD conditions. Kidney 
Int; 59:S190-S194. 
 
129 Kooistra MP., Koomans HA., Vos J., Vos PF.1998. Daily home hemodialysis in 
The Netherlands: effects on metabolic control, hemodynamics, and quality of 
life. Nephrol Dial Transplant; 13: 2853-2860. 
 
130 Mucsi I., Hercz G., Uldall R. 1998. Control of serum phosphorus without any 
phosphate binders in patients treated with nocturnal hemodialysis. Kidney Int;53: 
1399-1404. 
 
131 Kjellstrand C., Ting G. 1998. Daily hemodialysis: dialysis for the next century. 
Adv Ren Replace Ther;5:267-74. 
 
132 Vincenti F., Arnaud SB., Recker R., Genant H.et al. 1984. Parathyroid and bone 
response of the diabetic patient to uremia. Kidney Int;25(4):677-82. 
 
133 Reichel H., Deibert B., Schmidt-Gayk H., Ritz E. 1991. Calcium metabolism in 
77
early chronic renal failure: Implications for the pathogenesis of 
hyperparathyroidism. Nephrol Dial Transplant;6:162-169. 
 
134 Lilian C.,Aluizio B., Carla M.,et al. 2004. Increased Resting Energy Expend- 
iture in Hemodialysis Patients with Severe Hyperparathyroidism. J Am Soc 
Nephrol;15: 2933–2939. 
 
135 Malberti F., Corradi B., Cosci P., et al. 1996. Long term effects of  intravenous 
calcitriol therapy on the control of secondary hyperparathyroidism. Am J Kidney 
Dis; 28:704-712.  
 
136 Llach F.1995. secondary hyperparathyroidism in renal failure: the trade-off 
hypothesis revisited. Am J Kidney Dis; 25(5):663-679. 
 
137 Haas T., Hillion D., Dongradi G. 1991. Phosphate kinetics in dialysis patients. 
Nephrol Dial Transplant; 2:108-113. 
 
138 Sugisaki H., Onohara M., Kunitomo T. 1983. Phosphate in dialysis patients. 
Trans Am Soc Artif Intern Organs; 29:38-43. 
 
139 Haden ST., Brown EM., Hurwitz S., Scott J., El-Hajj Fuleihan G. 2000. The 
effects of age and gender on parathyroid hormone dynamics. Clin Endocrinol 
IOxf; 52(3):329-38. 
 
140 National Kidney Foundation. 2001. K/DOQI clinical practice guidelines for 
nutrition in chronic renal failure. Am J Kidney Dis;37(2):S66–S70. 
 
141 Goldwasser P., Michel MA., Collier J., Mittman N., et al.1993. Prealbumin and 
lipoprotein(a) in hemodialysis: relationships with patient and vascular access 
survival. Am J Kidney Dis; 22:215–225. 
 
142 Cooper BA., Bartlett LH., Aslani A., Allen BJ., Ibels LS., Pollock CA.2002. 
Validity of subjective global assessment as a nutritional marker in end-stage 
renal disease. Am J Kidney Dis; 40:126–130. 
 
143 Fleischmann E., Teal N., Dudley J., May W., Bower JD., Salahudeen AK.1999.  
78
Influence of excess weight on mortality and hospital stay in 1346 hemodialysis 
patients. Kidney Int; 55:1560–1567. 
 
144 Kopple JD., Zhu X., Lew NL., Lowrie EG. 1999. Body weight-for-height 
relationships predict mortality in maintenance hemodialysis patients. Kidney Int; 
56:1136–1148. 
 
145 Calle EE., Thun MJ., Petrelli JM., Rodriguez C., Heath CW Jr.1999. Body-mass 
index and mortality in a prospective cohort of U.S. adults. N Engl J Med; 
341:1097–1105. 
 
146 Abbott KC., Glanton CW., Trespalacios FC., Oliver DK.,  Agodoa LY., Cruess 
DF., Kimmel PL., Ortiz MI. 2004. Body mass index, dialysis modality, and 
survival: analysis of the United States renal data system dialysis morbidity and 
mortality wave II study. Kidney Int; 65:597–605. 
 
147 Kamycheva E., Sundsfjord J., Jorde R.2004. Serum parathyroid hormone level is  
associated with body mass index, The 5th Tromso study. Eur Endocrinol; 
151(2):167-72. 
 
148 Elena Kamycheva, Ragnar M. Joakimsen, and Rolf Jorde. 2003. Intakes of 
Calcium and Vitamin D Predict Body Mass Index in the Population of Northern 
Norway. J. Nutr; 133:102-106. 
 
149 Horl WH.2002. Secondary hyperparathyroidism: present and future therapeutic 
implications. Nephrol Dial Transplant;17(5):732-3. 
 
150 Moe SM., Drueke TB. 2003. Management of secondary hyperparathyroidism: the 
importance and the challenge of controlling parathyroid hormone levels without 
elevating calcium, phosphorus, and calcium-phosphorus product. Am J Nephrol; 
23(6):369-70. 
 
151 Okuno S. 2004. Extraskeletal actions of parathyroid hormone in hemodialysis 
patients. Clin Calcium, 14(1):27-31. 
 
152 Nasri H., Baradaran A., Naderi AS. 2004.A close association between 
parathyroid hormone and left ventricular function and structure in end-stage renal 
79
failure patients under maintenance hemodialysis. Acta Medica 
Austriaca;31(3):67-72. 
 
153 Hutchison AJ., Whitehouse RW., Boulton HF.,et al. 1993.Correlation of bone 
histology with parathyroid hormone, vitamin D3, and radiology in end-stage 
renal disease. Kidney Int;44: 1071. 
 
154 Llach F., Fernandez E. 2003. Overview of renal bone disease: Causes of 
treatment failure, clinical observations, the changing pattern of bone lesions, and 
future therapeutic approach. Kidney Int;  64: S113–S119. 
 
155 Foley RN., Parfrey PS., Sarnak MJ. 1998. Clinical epidemiology of 
cardiovascular disease in chronic renal disease. Am J Kidney Dis; 32:S112–
S119. 
 
156 Ribeiro S., Ramos A., Brandero A., et al. 1998. Cardiac valve calcification in 
hemodialysis patients: Role of calcium-phosphate metabolisim. Nephrol Dial 
Transplant;13:2037-2040. 
 
157 Braun J., Olendorf M., Moshage W. et al. 1996. Electron beam computed 
tomography in the evaluation of cardiac calcification in chronic dialysis patients. 
Am J Kidney Dis; 27:394–401. 
 
158 Levin NH-S., Strawderman RL., and Port FK.1998. which causes of death are 
related to hyperphosphatemia in hemodialysis patients.J Am Soc Nephro, 19: 
217A. 
 
159 Hsu CH. 1997. Are we mismanaging calcium and phosphate metabolism in renal 

































   غزة- اإلسالميةالجامعة
        آلية العلوم
Annex 4 
Questionnaire (HD patients) 
 
A. Personal information: 
 
1. Patient name:------------------------------------------------------------------------------ 
2. Patient No    : ----------------------------------------------------------------------------- 
3. Date of birth :         /        / 
4. Sex:                Male         □                                Female         □    
5. Weight:------------- Kg     Height----------m         Body mass index ------------- 
6. Residence:  Gaza North   □   Gaza  □  Mid Zone    □      Gaza South     □  
 
B. Medical information: 
 
7. Diagnosis:---------------------------------------------------------------------------------- 
8. When did you start hemodialysis? ----------------------------------------------------- 
9. How many times you receive hemodialysis per week? ----------------------------- 
10. Are you taking vitamin D supplements ?       Yes      □                     No    □  
                          If no                 
11.  Are you taking vitamin D analouge ?                 Yes     □                      No    □   
12.  Do you complain of bone disease ?                  Yes      □                     No    □ 
13.  Do you complain of cardiovascular disease ?   Yes       □                    No    □  
14.  Did you have parathyroidectomy ?                   Yes      □                     No    □ 
                                 
                             If  Yes : 
15.  Is it  :          Partial        □                        or                 Complete      □  
 
C. Lab results: 
 
Blood Urea : --------------  mg/dl         Blood Creatinine :----------- mg/dl                   
 
Blood Albumin:--------gm/dl     Corrected total Calcium: ------------ mg/dl 
 
Blood Phosphorus : -------------------  mg/dl 
 
Blood ( Calcium X Phosphorus ) Product : --------------- mg2/dl2 
 
Blood ionized calcium :-------------------- mg/dl 
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Annex 5 
Questionnaire (Healthy control) 
 
D. Personal information: 
 
11.  Name:------------------------------------------------------------------------------ 
12.  No    : ----------------------------------------------------------------------------- 
13. Date of birth :         /        / 
14. Sex:                Male         □                                 Female         □  
15. Weight:------------- Kg     Height----------m         Body mass index ------------- 
16. Residence:  Gaza North  □   Gaza   □   Mid Zone   □      Gaza South     □  
 
E. Medical information: 
 
17. Do you complain of kidney disease? :              Yes      □                    No  □ 
18. Do you complain of bone disease ?                  Yes       □                   No   □  
19. Do you complain of cardiovascular disease ?   Yes      □                    No   □  
    
10.  Did you have parathyroidectomy ?                       Yes      □                   No   □   
                                 
                             If  Yes : 
11.  Is it  :          Partial        □                       or                 Complete      □ 
 
F. Lab results: 
 
Blood Urea : --------------  mg/dl         Blood Creatinine :----------- mg/dl                   
 
Blood Albumin:--------gm/dl     Corrected total Calcium: ------------ mg/dl 
 
Blood Phosphorus : -------------------  mg/dl 
 
Blood ( Calcium X Phosphorus ) Product : --------------- mg2/dl2 
 
Blood ionized calcium: ------------------- mg/dl 
 
PTH :  ----------------------------  Pg/ml 
 
 
 
 
 
 
